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Lqwhuqdwlrqdo Ilqdqfh lq Jhqhudo Htxloleulxp
Mrkq Jhdqdnrsorv dqg G1 S1 Wvrprfrv
Mxo| 5334
Devwudfw
Rxu sxusrvh lq wklv sdshu lv wr xqli| lqwhuqdwlrqdo wudgh dqg qdqfh lq d
vlqjoh jhqhudo htxloleulxp prgho1 Rxu prgho lv ulfk hqrxjk wr lqfoxgh pxowlsoh
frpprglwlhv +lqfoxglqj wudghg dqg qrqwudghg jrrgv,/ khwhurjhqhrxv frqvxphuv
lq hdfk frxqwu|/ pxowlsoh wlph shulrgv/ pxowlsoh fuhglw pdunhwv/ dqg pxowlsoh
fxuuhqflhv1 \hw rxu prgho lv vlpsoh hqrxjk wr eh hhfwlyho| frpsxwdeoh1 Zh
h{solflwo| fdofxodwh wkh qdqfldo dqg uhdo hhfwv ri fkdqjhv lq wdulv/ surgxfwlylw|/
dqg suhihuhqfhv/ dv zhoo dv wkh hhfwv ri prqhwdu| dqg vfdo srolf|1
Zh pdlqwdlq djhqw rswlpl}dwlrq/ udwlrqdo h{shfwdwlrqv/ dqg pdunhw fohdulqj
+l1h1/ shuihfw frpshwlwlrq zlwk h{leoh sulfhv, wkurxjkrxw1 Exw ehfdxvh ri wkh
lpsruwdqw uroh prqh| sod|v/ dqg ehfdxvh ri wkh khwhurjhqhlw| ri pdunhwv dqg
djhqwv/ zh qg wkdw vfdo dqg prqhwdu| srolf| erwk kdyh uhdo hhfwv1 Wkh
hhfwv ri srolf| rq uhdo lqfrph/ orqj0whup lqwhuhvw udwhv/ dqg h{fkdqjh udwhv
duh txdolwdwlyho| lghqwlfdo wr wkrvh vxjjhvwhg lq PxqghooIohplqj +zlwkrxw wkh
vpdoo frxqwu| k|srwkhvlv,/ dowkrxjk rxu htxloleudwlqj phfkdqlvpv duh glhuhqw1
Krzhyhu/ ehfdxvh wkh PxqghooIohplqj prgho ljqruhv h{shfwdwlrqv dqg uhodwlyh
sulfh fkdqjhv/ rxu prgho suhglfwv glhuhqw hhfwv rq wkh rz ri fdslwdo/ wkh
edodqfh ri wudgh/ dqg uhdo h{fkdqjh udwhv lq vrph flufxpvwdqfhv1
Nh|zrugv= Fxuuhqf|/ fdvk/ vfdo srolf|/ prqwdu| srolf|/ prqh|/ wudgh
MHO Fodvvlfdwlrq= H8/ H9/ I4/ I5/ I6
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Lqwurgxfwlrq

Lqwhuqdwlrqdo wudgh lv prvw frpprqo| dqdo|}hg yld jhqhudo htxloleulxp wkhru| +vhh
h1j1/ ^5`/ ^46`/ ^67`,/ zlwk lwv wkuhh0ohjjhg dssdudwxv ri djhqw rswlpl}dwlrq/ pdunhw
fohdulqj +l1h1/ shuihfw frpshwlwlrq zlwk h{leoh sulfhv,/ dqg udwlrqdo h{shfwdwlrqv1 Lq0
whuqdwlrqdo qdqfh/ rq wkh rwkhu kdqg/ kdv wudglwlrqdoo| ehhq vwxglhg yld d srwsrxuul
ri prghov dqg phwkrgrorjlhv +vhh h1j1/ ^6`/ ^:`/ ^;`/ ^45`/ ^5:`,/ lq zklfk vrph pdunhwv
fohdu dqg rwkhuv gr qrw/ vrph sulfhv duh h{leoh dqg rwkhuv duh qrw/ vrph h{shfwdwlrqv
duh udwlrqdo dqg rwkhuv duh iruphg dv li sulfhv zhuh h{leoh hyhq zkhq wkh| duh qrw/
dqg djhqw dfwlylw| lv ghvfulehg qrw e| rswlpl}dwlrq exw e| ehkdylrudo htxdwlrqv1
Wkh wudglwlrqdo lqwhuqdwlrqdo qdqfh olwhudwxuh iroorzlqj Pxqghoo dqg Iohplqj
uhfrjql}hv wkh ixqgdphqwdo lpsruwdqfh ri lqwhudfwlrqv dprqj pxowlsoh pdunhwv/ dqg
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lwv jhqhudo htxloleulxp fkdudfwhu1 Exw/ olnh wkh pdlqvwuhdp/ Nh|qhvldq pdfurhfr0
qrplfv olwhudwxuh iurp zklfk lw ghulyhv/ lw xvxdoo| uhsxgldwhv rqh +dqg vrphwlphv
doo, ri wkh wkuhh ohjv ri d jhqxlqh/ ixoo0erglhg jhqhudo htxloleulxp dssurdfk1 Wkh
dowhuqdwlyh lqwhuqdwlrqdo qdqfh olwhudwxuh lqvsluhg e| Oxfdv +^4;`/ ^4<`/ ^58`/ ^5:`,
grhv pdlqwdlq doo wkuhh k|srwkhvhv ri djhqw rswlpl}dwlrq/ pdunhw fohdulqj/ dqg udwlr0
qdo h{shfwdwlrqv1 Exw e| dgrswlqj wkh dx{loldu| k|srwkhvlv ri dq h{fkdqjh hfrqrp|
zlwk d vlqjoh uhsuhvhqwdwlyh djhqw zkr lv reoljhg wr sxw klv hqwluh hqgrzphqw xs
iru vdoh +wr klpvhoi$,/ wklv olwhudwxuh d sulrul holplqdwhv pdq| lqwhudfwlrqv ehwzhhq
wkh qdqfldo dqg uhdo vhfwruv ri wkh hfrqrp|1
Rxu sxusrvh lq wklv sdshu lv wr xqli| lqwhuqdwlrqdo wudgh dqg qdqfh lq d jhqxlqh
jhqhudo htxloleulxp prgho1 Rxu prgho lv ulfk hqrxjk wr lqfoxgh pxowlsoh frpprglwlhv
+sduwo| wr doorz iru uhodwlyh sulfh fkdqjhv dqg sduwo| lq rughu wr glvwlqjxlvk ehwzhhq
wudghg dqg qrqwudghg jrrgv,/ khwhurjhqhrxv frqvxphuv lq hdfk frxqwu|/ pxowlsoh wlph
shulrgv/ vkruw0whup dqg orqj0whup dvvhwv/ dqg pxowlsoh fxuuhqflhv1 \hw rxu prgho lv
vlpsoh hqrxjk wr eh hhfwlyho| frpsxwdeoh1
Zh eholhyh wkdw lqwhuqdwlrqdo qdqfh fdqqrw surshuo| eh vhsdudwhg iurp lqwhuqd0
wlrqdo wudgh ehfdxvh wkh prvw lqwhuhvwlqj qdqfldo txhvwlrqv lqyduldeo| wxuq rq wkh
lqwhudfwlrqv ri uhdo dqg qdqfldo yduldeohv1 Iru h{dpsoh/ li d frxqwu| uhgxfhv lwv
wdulv/ ru ehfrphv pruh surgxfwlyh/ ru pruh lpsdwlhqw/ zloo lwv fxuuhqf| dssuhfldwh
ru ghsuhfldwhB Zkdw zloo kdsshq wr lqfrph/ wr vkruw0 dqg orqj0whup lqwhuhvw udwhv/
wr sulfh ohyhov dqg wr wkh udwh ri lq dwlrq/ wr wkh uhdo whupv ri wudgh/ dqg wr wkh
edodqfh ri wudghB Zkdw zloo kdsshq li d frxqwu|*v jryhuqphqw/ ru d wudglqj sduwqhu*v
jryhuqphqw/ vshqgv pruh/ ru sulqwv pruh prqh|/ ru lqfuhdvhv wkh udwh dw zklfk lw
h{sdqgv lwv prqh| vxsso|B
Li wkh uhdo vhfwru lv lpsruwdqw/ wkhq lqwhuqdwlrqdo qdqfh ghshqgv rq lqwhuqdwlrqdo
wudgh/ dqg li wkh odwwhu uhtxluhv d jhqhudo htxloleulxp dqdo|vlv/ wkhq orjlfdoo| vshdnlqj/
vr pxvw wkh iruphu1 Pruhryhu/ wkhuh duh gluhfw dgydqwdjhv wr d ixoo0erglhg jhqhudo
htxloleulxp dssurdfk wr lqwhuqdwlrqdo qdqfh1 Iruhprvw dprqj wkhvh lv wkh dffrxqw0
lqj fodulw| zklfk frphv iurp h{solflwo| prgholqj hyhu| wudqvdfwlrq= zh xqghuvwdqg
wkh ghpdqg iru prqh| ehwwhu zkhq zh vhh zkhuh dqg zk| hdfk djhqw vshqgv hdfk
groodu kh rewdlqv1 Iru h{dpsoh/ li srolf| hvvhqwldoo| fkdqjhv wkh uhjlph lq zklfk dq
djhqw dfwv/ wkh prgho zloo vshfli| ehkdylrudo fkdqjhv wkdw duh orjlfdo iru klp jlyhq
klv suhihuhqfhv1 Lq frqwudvw/ prghov zklfk h{rjhqrxvo| vshfli| ehkdylru wkdw lv qrw
ghulyhg iurp xqghuo|lqj suhihuhqfhv fdq vhhp sodxvleoh lq vrph uhjlphv dqg devxug
lq rwkhu uhjlphv1 E| ghulylqj ehkdylru iurp xwlolw| pd{lpl}dwlrq/ jhqhudo htxlole0
ulxp dovr pdnhv zhoiduh dqdo|vlv/ dqg hvshfldoo| glvwulexwlrqdo txhvwlrqv/ dphqdeoh
wr uljrurxv dqdo|vlv1 Ilqdoo|/ zlwkrxw jhqhudo htxloleulxp rqh pxvw uhvruw wr uhgxfhg
irup ehkdylrudo htxdwlrqv lq zklfk ydulrxv lqgluhfw hhfwv duh d sulrul ljqruhg1 Lq
jhqhudo htxloleulxp rqh vhhv doo wkh lqgluhfw hhfwv dqg fdq mxgjh zkhwkhu/ dqg xqghu
zkdw frqglwlrqv/ wkh| fdq vdiho| eh ljqruhg1
Wkh pdlqvwuhdp olwhudwxuh lq lqwhuqdwlrqdo qdqfh ghulylqj iurp wkh Pxqghoo
Iohplqj h{whqvlrq ri wkh Nh|qhvldq LVOP prgho kdv dyrlghg zkdw zh fdoo ixoo0
erglhg jhqhudo htxloleulxp iru wkh vdph uhdvrqv wkdw Nh|qhvldq pdfurhfrqrplfv
kdv1 Iluvw/ wkhuh lv d srzhuixo Nh|qhvldq lqwxlwlrq wkdw jrrgv pdunhwv duh vorzhu
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wr fohdu wkdq dvvhw pdunhwv/ dqg wkhuhiruh lq wkh vkruw0uxq jrrgv pdunhw gr qrw
fohdu1 Lq Nh|qhvldq pdfurhfrqrplfv wklv phdqw wkdw frpprglw| dqg oderu sulfhv
zhuh wdnhq wr eh vwlfn| lq wkh vkruw uxq1 Dowkrxjk zh gr qrw zlvk wr grjpdwlfdoo|
uhmhfw wkh k|srwkhvlv ri {hg sulfhv +dqg zh duh jodg wr vhh rwkhuv lqyhvwljdwh lwv
frqvhtxhqfhv,/ zh ihho wkdw lw lv dovr zruwkzkloh wr ixoo| dqdo|}h wkh frqvhtxhqfhv ri
h{leoh sulfhv1 Vhfrqg/ lw lv pruh frqyhqlhqw wr zrun zlwk d vlqjoh shulrg prgho/ dv
lq LVOP1 Wklv/ krzhyhu/ ohdyhv h{shfwdwlrqv derxw ixwxuh sulfh ohyhov dqg h{fkdqjh
udwhv wr duelwudulo| suh0vshflhg ehkdylrudo uxohv1 Vrph wkhrulvwv duh frpiruwdeoh
nqrzlqj wkdw h{shfwdwlrqv fdq eh v|vwhpdwlfdoo| eldvhg> wklv rxworrn lv uhsuhvhqwhg
e| whpsrudu| htxloleulxp prghov/ vxfk dv ^47`/ ^48`/ ^4:`/ dqg ^49`1 E| frqwudvw/ zh
zrun zlwk dq h{solflw pxowl0shulrg prgho vr wkdw h{shfwdwlrqv +sduwlfxoduo| uhvxowlqj
iurp srolf| fkdqjhv, pxvw frqirup wr wkh vxevhtxhqw uhdolw|1 Wkh hhfwv ri srolf|/
li wkhuh duh dq|/ fdqqrw wkhq eh dwwulexwhg wr luudwlrqdo h{shfwdwlrqv1 Wkh hhfw ri
srolf| fkdqjhv rq orqj0whup lqwhuhvw udwhv/ lq dwlrq/ dqg h{fkdqjh0udwh wudmhfwrulhv lv
rqh ri wkh prvw lpsruwdqw ihdwxuhv ri rxu prgho1 Wkh PxqghooIohplqj prgho dovr
vlpsolhv wkh slfwxuh e| lpsrvlqj wkh vpdoo frxqwu| k|srwkhvlv/ zklfk {hv iruhljq
+dqg wkhuhiruh zlwk shuihfw fdslwdo prelolw|/ grphvwlf, lqwhuhvw udwhv1 Zh zrun zlwk
pxowlsoh frxqwulhv ri duelwudu| uhodwlyh vl}h> dq h{whqghg h{dpsoh lv frpsxwhg iru wzr
urxjko| htxdo frxqwulhv1
Wklug/ dqg prvw lpsruwdqwo|/ lw kdv qrw ehhq fohdu krz wr pdlqwdlq djhqw rswl0
pl}dwlrq dqg d srvlwlyh ydoxh iru dw prqh| lq d qlwh krul}rq prgho1 Lq wkh odvw
shulrg qr rswlpl}lqj djhqw zloo dffhsw zruwkohvv dw prqh|/ dqg wkhuhiruh rswlpl}0
lqj djhqwv fdofxodwlqj edfnzdug wr wkh ehjlqqlqj zloo lpphgldwho| vhw wkh sulfh ri
prqh| htxdo wr }hur1 Wklv sx}}oh lv qrw dyrlghg dw doo e| srvwxodwlqj fdvk0lq0dgydqfh
frqvwudlqwv1 Zh ryhufrph wkh sureohp e| dovr dgglqj wkh srvvlelolw| ri eruurzlqj
+vhoolqj erqgv, wr wkh fhqwudo edqn> wkhq zh suryh wkdw lq rxu prgho prqh| dozd|v
kdv srvlwlyh ydoxh/ li wkhuh duh srwhqwldo jdlqv wr wudgh1
Wkxv lq vslwh ri wkhvh Nh|qhvldq grxewv/ zh suhvhqw d qlwh krul}rq prgho lq
zklfk doo sulfhv +lqfoxglqj h{fkdqjh udwhv, duh h{leoh dqg doo pdunhwv fohdu/ lq zklfk
h{shfwdwlrqv duh udwlrqdo/ dqg lq zklfk prqh| dozd|v kdv srvlwlyh ydoxh1 Zh zrun
rxw dq hoderudwh h{dpsoh wr vkrz wkdw rxu prgho lv hdvlo| frpsxwdeoh1 Zh kdyh qrw
whvwhg rxu frpsdudwlyh vwdwlfv suhglfwlrqv e| hvwlpdwlqj sdudphwhuv/ exw zh eholhyh
rxu frqfoxvlrqv duh vhqvleoh dqg jhqhudoo| lq dffrugdqfh zlwk wkh vw|ol}hg idfwv zlwk0
rxw ehlqj reylrxv dw uvw jodqfh1 Lqghhg wkhuh duh vr pdq| hqgrjhqrxv yduldeohv/
lqfoxglqj wudghv lq pxowlsoh frpprglwlhv/ h{fkdqjh udwhv/ uhdo h{fkdqjh udwhv/ lq d0
wlrq udwhv/ vkruw dqg orqj qrplqdo lqwhuhvw udwhv/ dqg frpprglw| sulfhv/ wkdw lw lv
lqfrqfhlydeoh wkdw rqh frxog dxwrpdwlfdoo| zrun rxw doo wkhlu fkdqjhv zlwkrxw dq|
dqdo|vlv1
Rxu prgho uhvhpeohv wkh uhdo exvlqhvv f|foh olwhudwxuh lq wkh vhqvh wkdw doo pdunhwv
fohdu doo wkh wlph1 Exw rxu frpsdudwlyh vwdwlfv uhvxowv duh frpsdwleoh zlwk Nh|qhvldq
dqdo|vlv1 Lq sduwlfxodu/ prqhwdu| dqg vfdo srolf| duh qrw qhxwudo1 H{sdqvlrqdu|
prqhwdu| srolf| ohdgv wr kljkhu lqfrph dqg d idoo lq qrplqdo lqwhuhvw udwhv/ kljkhu
grphvwlf sulfhv/ d fxuuhqf| ghsuhfldwlrq/ d idoo lq wkh uhdo whupv ri wudgh dqg dq
lqfuhdvh lq qhw h{sruwv1 Doo wkhvh hhfwv +h{fhsw wkh sulfh fkdqjhv, duh frqvlvwhqw
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zlwk wkh PxqghooIohplqj prgho1 D vkruw exuvw ri h{sdqvlrqdu| vfdo srolf| ohdgv
wr kljkhu grphvwlf hfrqrplf dfwlylw|/ kljkhu orqj0whup uhdo dqg qrplqdo lqwhuhvw
udwhv/ d whpsrudulo| kljkhu h{fkdqjh udwh/ dqg kljkhu h{shfwhg lq dwlrq iroorzlqj
d whpsrudu| gurs lq sulfhv1 Djdlq/ prvw ri wkhvh hhfwv duh frqvlvwhqw zlwk wkh
PxqghooIohplqj prgho1
Wkrxjk prvw ri wkh hhfwv ri prqhwdu| dqg vfdo srolf| lq rxu prgho duh lghqwlfdo
wr wkh PxqghooIohplqj prgho/ lpsruwdqw glhuhqfhv uhpdlq ehfdxvh wkh Pxqghoo
Iohplqj prgho lpsolflwo| dvvxphv wkdw h{shfwdwlrqv derxw ixwxuh h{fkdqjh udwhv
qhyhu fkdqjh/ dqg wkdw wkh uhdo whupv ri wudgh pryh lq orfn vwhs zlwk wkh h{fkdqjh
udwh1 Lq wkh PxqghooIohplqj vwru|/ h{sdqvlrqdu| vfdo srolf| whqgv wr lqfuhdvh
rxwsxw dqg lqwhuhvw udwhv> wkh odwwhu fdxvhv dq lq x{ ri iruhljq fdslwdo/ zklfk whqgv
wr dssuhfldwh wkh grphvwlf fxuuhqf|> wklv lq wxuq hqfrxudjhv lpsruwv dqg glvfrxudjhv
h{sruwv/ lqfuhdvlqj wkh edodqfh ri wudgh ghflw1 Lq rxu pxowl0shulrg prgho/ krzhyhu/
zh qrwlfh dw rqfh wkdw wklv vwru| plvvhv vhyhudo lpsruwdqw hohphqwv1
Lq wkh uvw sodfh/ zkhq wkh h{sdqvlrqdu| vfdo srolf| hyhqwxdoo| uhyhuwv wr lwv
qrupdo ohyhov/ wkh fxuuhqf| zloo dovr whqg wr uhyhuw wr lwv suhylrxv h{fkdqjh ohyho1
Udwlrqdo lqyhvwruv wkhuhiruh h{shfw d fxuuhqf| ghsuhfldwlrq iroorzlqj wkh dssuhfldwlrq/
dqg khqfh lw lv qr orqjhu fohdu wkdw wkhuh zloo eh dq lq x{ ri iruhljq fdslwdo/ ghvslwh wkh
kljkhu orqj whup lqwhuhvw udwhv1 Ryhuvkrrwlqj ri h{fkdqjh udwhv lv d ixqgdphqwdo
surshuw| ri rxu htxloleulxp/ dv lw pxvw eh lq dq| h{leoh h{fkdqjh udwh prgho zkhuh
vkruw uxq srolf| kdv vkruw uxq hhfwv rq h{fkdqjh udwhv1 Lq frpelqdwlrq zlwk udwlrqdo
h{shfwdwlrqv/ wklv lpsrvhv vljqlfdqw uhvwulfwlrqv rq htxloleulxp ehkdylru14 Lq wkh
vhfrqg sodfh/ jryhuqphqw h{shqglwxuhv pljkw eh sursruwlrqhg txlwh glhuhqwo| iurp
sulydwh ghpdqg/ dqg wklv wrr frxog dhfw wkh edodqfh ri wudgh1
Lq rxu prgho wkh hhfw ri h{sdqvlrqdu| vfdo srolf| rq wkh edodqfh ri wudgh
wkhuhiruh ghshqgv rq d pruh suhflvh ghvfulswlrq ri wkh srolf|1 Iru lqvwdqfh/ li wkh
jryhuqphqw h{shqglwxuhv duh qdqfhg e| frqwhpsrudu| wd{hv +d edodqfhg exgjhw h{0
sdqvlrq,/ dqg li wkh jryhuqphqw vshqgv lwv prqh| h{foxvlyho| rq grphvwlf qrqwudghg
jrrgv/ zklfk grhv qrw vhhp d frpsohwho| xquhdvrqdeoh dvvxpswlrq/ wkhq zh qg wkdw
wkh edodqfh ri wudgh lpsuryhv udwkhu wkdq zruvhqv1 Wkh uhdvrq lv fohdu= wkh edodqfhg
exgjhw pxowlsolhu +zlwk h{leoh sulfhv, wxuqv rxw wr eh ohvv wkdq 4 +lq rxu h{dpsoh lw lv
17,1 Khqfh wkh jryhuqphqw h{shqglwxuh furzgv rxw vrph grphvwlf h{shqglwxuh/ sduw
ri zklfk zrxog kdyh ehhq rq iruhljq jrrgv1 Hyhq li wkh uhdo whupv ri wudgh pryh lq
wkh vdph gluhfwlrq dv wkh h{fkdqjh udwh/ wklv lv d vljq ri djjlqj ghpdqg iru lpsruwv/
qrw d vwlpxoxv wr h{wud lpsruwv1 Li rq wkh rwkhu kdqg/ wkh jryhuqphqw ex|v doo jrrgv
lq wkh vdph sursruwlrq dv wkh hfrqrp| dv d zkroh/ wkhq zh qg dpeljxrxv hhfwv rq
qhw lpsruwv lq rxu h{dpsoh1 Li lq dgglwlrq zh vxssrvh wkh h{shqglwxuhv duh qdqfhg
e| qhz erqgv/ zklfk zloo eh sdlg r pxfk odwhu e| udlvlqj wd{hv rq djhqwv qrw dfwlyh
dw wkh wlph ri wkh jryhuqphqw h{shqglwxuhv/ wkhq rxu h{dpsoh frqupv dq lqfuhdvh lq
4

Lqflghqwdoo|/ wkh vdph lv dovr wuxh ri sulfh ohyhov> h{leoh frpprglw| sulfh prghov lq zklfk vkruw
uxq srolf| kdv vkruw uxq hhfwv rq wkh sulfh ohyhov zloo dovr glvsod| ryhuvkrrwlqj ri sulfh ohyhov/ zklfk
zlwk udwlrqdo h{shfwdwlrqv/ zloo lpsrvh uhvwulfwlrqv rq wkh htxloleulxp ehkdylru1 Gruqexvfk ^:` uvw
eurxjkw dwwhqwlrq wr ryhuvkrrwlqj ri h{fkdqjh udwhv1 Exw kh ghgxfhg lw dv d frqvhtxhqfh ri d prgho
lq zklfk pdunhwv glg qrw lqvwdqwo| dgmxvw1 Zh qrwh khuh wkdw lw pxvw dulvh zkhq doo pdunhwv gr
lpphgldwho| fohdu1

7

wkh edodqfh ri wudgh ghflw ghshqglqj rq krz wkh wd{ uhyhqxh wr sd| r wkh erqgv lv
udlvhg1 Wkh rqo| surjudp zklfk lv jxdudqwhhg wr |lhog wkh PxqghooIohplqj hhfwv
rq rxwsxw/ lqwhuhvw udwhv/ h{fkdqjh udwhv/ uhdo whupv ri wudgh/ dqg wkh edodqfh ri wudgh
lv jryhuqphqw h{shqglwxuh wkdw lv wdujhwhg hqwluho| dw grphvwlf jrrgv wkdw duh dovr
h{sruwhg1 +Lq wklv fdvh wkh h{wud ghpdqg udlvhv wkhlu sulfhv uhodwlyh wr lpsruwv/ zklfk
lv wkh uhdo whupv ri wudgh/ dqg fkrnhv r h{sruwv,1
Wkh grphvwlf hhfwv ri prqhwdu| srolf| duh dovr lghqwlfdo lq rxu prgho dqg lq
PxqghooIohplqj/ exw djdlq wkh xqghuo|lqj phfkdqlvpv duh glhuhqw dqg vr duh vrph
ri wkh lqwhuqdwlrqdo hhfwv1 Lq PxqghooIohplqj/ vkruw whup rshq pdunhw rshudwlrqv
udlvh rxwsxw dqg orzhu lqwhuhvw udwhv/ vr fdslwdo hhv/ ghsuhfldwlqj wkh fxuuhqf| dqg
wkxv fdxvlqj dq lqfuhdvh lq qhw h{sruwv1 Lq rxu prgho zh djdlq revhuyh ryhuvkrrwlqj/
vr wkdw zlwk udwlrqdo h{shfwdwlrqv/ wkh idoo lq wkh h{fkdqjh udwh lv dffrpsdqlhg e| dq
h{shfwhg dssuhfldwlrq/ uhqghulqj wkh gluhfwlrq ri fdslwdo prelolw| dpeljxrxv1 Ixu0
wkhupruh/ lq rxu h{dpsoh/ wkh uhdo whupv ri wudgh wxuq djdlqvw wkh grphvwlf frxqwu|
ehfdxvh wkh lqfuhdvhg hfrqrplf h!flhqf| vwhpplqj iurp orzhu lqwhuhvw udwhv lqfuhdvhv
wkh ghpdqg iru lpsruwv dqg wkh zloolqjqhvv wr h{sruw1 Wkh uhdo edodqfh ri wudgh/ dv
lw zhuh/ lv wkxv qrw pxfk glhuhqw/ exw phdvxuhg lq +ghsuhfldwhg, grooduv/ vwduwlqj
iurp dq ruljlqdo ghflw srvlwlrq/ wkh edodqfh ri wudgh ghflw lqfuhdvhv lq rxu h{dp0
soh/ udwkhu wkdq ghfuhdvlqj dv suhglfwhg e| PxqghooIohplqj1 Dv zlwk vfdo srolf|/
wkh hhfw ri prqhwdu| srolf| ghshqgv rq wkh suhflvh qdwxuh ri wkh srolf|1 Grhv wkh
rshq pdunhw rshudwlrq lqyroyh orqj whup erqgv ru vkruw whup erqgvB Lv wkh srolf|
lqvwdqwdqhrxv/ ru lv lw dqwlflsdwhgB Lv lw h{shfwhg wr frqwlqxh lqwr wkh ixwxuh/ ru zloo
wkh jryhuqphqw doorz wkh prqh| vxsso| wr frqwudfw +frpsduhg wr zkdw lw zrxog kdyh
ehhq devhqw wkh rshq pdunhw rshudwlrqv, zkhq lw frphv wlph iru wkh erqgv wr sd|
rB Zh ghihu rxu glvfxvvlrq ri wkhvh wrslfv wr Vhfwlrq 441
D ixqgdphqwdo uhdvrq zk| wkh lqwhuqdwlrqdo hhfwv ri vfdo dqg prqhwdu| srolf|
duh glhuhqw lq rxu prgho dqg lq wkh PxqghooIohplqj prgho lv wkdw lq wkh odwwhu
prgho wkhuh lv hvvhqwldoo| rqh fkdqqho e| zklfk srolf| dhfwv wkh fxuuhqf| h{fkdqjh
udwhv= wkh| duh ghwhuplqhg odujho| e| wkh rz ri fdslwdo frqwuroohg e| djhqwv zkr
zhljk wkh pdujlqdo ehqhwv ri prqh| lqyhvwhg grphvwlfdoo| djdlqvw prqh| lqyhvwhg
deurdg1 Lq rxu prgho djhqwv dovr zhljk wkh pdujlqdo ehqhwv ri prqh| vshqw rq
frpprglwlhv grphvwlfdoo| ru deurdg1 Wklv rshqv dq hqwluho| qhz fkdqqho iru wkh
ghwhuplqdwlrq ri h{fkdqjh udwhv1 Iru h{dpsoh/ li wkhuh lv d exuvw ri grphvwlf hfrqrplf
dfwlylw|/ vr wkdw wkh vdph prqh| fkdvhv pruh wudqvdfwlrqv +dqg li yhorflw| grhv qrw
fkdqjh wr pdnh xs doo ri wkh glhuhqfh,/ grphvwlf sulfhv iru frpprglwlhv zloo jr
grzq/ dwwudfwlqj iruhljq prqh| dlphg dw grphvwlf frpprglw| sxufkdvhv/ dqg wkh
fxuuhqf| zloo dssuhfldwh1
Lq vxppdu|/ rxu prgho ri h{leoh sulfhv/ udwlrqdo h{shfwdwlrqv/ dqg h{solflw djhqw
rswlpl}dwlrq pdnhv h{dfwo| wkh vdph txdolwdwlyh suhglfwlrqv derxw rxwsxw/ lqwhuhvw
udwhv/ dqg fxuuhqf| h{fkdqjh udwhv dv wkh PxqghooIohplqj prgho +prglhg wr do0
orz iru wzr htxdo0vl}hg frxqwulhv,/ zkloh lw glhuv zlwk uhvshfw wr h{shfwdwlrqv/ dqg
srvvleo| dovr zlwk uhvshfw wr uhdo whupv ri wudgh/ dqg wkh edodqfh ri wudgh1
Zh eholhyh dq| vhqvleoh jhqhudo htxloleulxp prgho vkrxog djuhh zlwk Nh|qhvldq
suhglfwlrqv derxw wkh hhfwv ri srolf| rq rxwsxw dqg lqwhuhvw udwhv1 Edodqfhg exgjhw
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vfdo srolf| wudqvihuv zhdowk +vd| yld oxps vxp wd{hv, iurp sulydwh djhqwv zkr zrxog
kdyh wudqvdfwhg rqo| d sruwlrq ri lw dqg sodfhv lw lq wkh kdqgv ri wkh jryhuqphqw zkr
wudqvdfwv doo ri lw1 Wklv dfwlrq lv erxqg wr vwlpxodwh hfrqrplf dfwlylw| dqg phdvxuhg
lqfrph/ hyhq li lw grhv qrw udlvh zhoiduh1 Pruhryhu wkh jryhuqphqw vshqgv wklv zhdowk
rq pdunhwv wkdw phhw hduolhu wkdq wkh djhqwv zrxog rq dyhudjh kdyh vshqw wkh zhdowk
wkhpvhoyhv/ udlvlqj wkh uhodwlyh sulfh ri fxuuhqw frqvxpswlrq ryhu ixwxuh frqvxpswlrq1
H{sdqvlrqdu| vfdo srolf| lv wkxv dovr erxqg wr udlvh lqwhuhvw udwhv1 H{sdqvlrqdu|
rshq pdunhw rshudwlrqv pdnh lw hdvlhu wr eruurz prqh|/ dqg wkxv uhgxfh qrplqdo
lqwhuhvw udwhv1 Orzhu qrplqdo lqwhuhvw udwhv rq prqh| pxvw lpsuryh wkh h!flhqf| ri
wudgh lq dq| hfrqrp| zkhuh prqh| sod|v d ixqgdphqwdo uroh lq wudgh1
Nh|qhvldqv riwhq zdyh wkh edqqhu ri lqyroxqwdu| xqhpsor|phqw dqg yduldeoh yh0
orflw| wr dujxh iru wkhlu ylhz wkdw srolf| pdwwhuv1 Zh gr qrw zlvk wr glvfrxqw wkh
lpsruwdqfh ri hlwkhu1 Exw rxu dqdo|vlv vkrzv wkdw wkh txdolwdwlyh ihdwxuhv ri grphvwlf
Nh|qhvldq srolf| dqdo|vlv krog lq d zruog zklfk kdv qr lqyroxqwdu| xqhpsor|phqw
dqg d {hg yhorflw| ri prqh|1 Lqyroxqwdu| xqhpsor|phqw +ru pruh jhqhudoo| {hg
sulfhv,/ yduldeoh yhorflw| ri prqh|/ dqg luudwlrqdo h{shfwdwlrqv pljkw lqfuhdvh wkh
pdjqlwxgh ri grphvwlf Nh|qhvldq hhfwv/ exw wkh| duh qrw uhvsrqvleoh iru wkhlu txdo0
lwdwlyh ihdwxuhv1
Zh pljkw zhoo dvn/ zk| glg qrw Oxfdv ghwhfw wkhvh Nh|qhvldq ihdwxuhv lq klv
jhqhudo htxloleulxp dqdo|vlv ri wkh pdfurhfrqrp| dqg lqwhuqdwlrqdo qdqfhB Wkh
dqvzhu lv vxusulvlqjo| vlpsoh1 Lq klv hduo| sdshuv/ Oxfdv srvwxodwhg d zruog lq zklfk
hdfk djhqw lv reoljhg wr vhoo wkh zkroh ri klv hqgrzphqw lq hdfk shulrg1 Uhdo lqfrph/
zklfk e| ghqlwlrq lv wkh djjuhjdwh ri vdohv lq d shulrg/ lv wkxv h{rjhqrxvo| {hg/
lqghshqghqw ri dq| jryhuqphqw prqhwdu| ru vfdo srolf| wkdw grhv qrw gluhfwo| fuhdwh
qhz frpprglwlhv1
Lq fdvk0lq0dgydqfh hfrqrplhv/ wudgh lv xvxdoo| lqh!flhqw ehfdxvh wkh srvlwlyh lq0
whuhvw udwh rq prqh| glvfrxudjhv wudqvdfwlrqv +dvvxplqj wkh qrplqdo lqwhuhvw udwh
h{fhhgv wkh uhdo lqwhuhvw udwh,1 Djhqwv fdqqrw dozd|v wlph wkhlu vdohv vr dv wr lq0
vwdqwdqhrxvo| ghsrvlw wkh prqh| dqg hduq wkh pd{lpdo udwh ri lqwhuhvw1 Dv d uhvxow
wkh| pdnh ihzhu wudqvdfwlrqv1 Lq rxu vw|ol}hg prgho/ djhqwv zkr vhoo jrrgv lq shulrg
3 fdqqrw vshqg wkh prqh| ru ghsrvlw lw lq edqnv xqwlo shulrg 41 Dq djhqw zkr kdv
qr fdvk dqg zlvkhv wr wudgh klv '4 dssoh lq shulrg 3 iru d '4 rudqjh lq shulrg 3
pxvw jr wr wkh edqn dqg eruurz wkh '4 wr ex| wkh rudqjh/ exw vlqfh wkh lqwhuhvw
udwh lv srvlwlyh/ kh zloo qhhg wr vhoo pruh wkdq 4 dssoh lq rughu wr uhsd| wkh ordq1
Li kh ydoxhv wkh rudqjh rqo| voljkwo| pruh wkdq wkh dssoh/ kh zloo iruhjr wkh hqwluh
vhw ri wudqvdfwlrqv> lq sduwlfxodu/ kh zloo qrw vhoo wkh dssoh1 D vlplodu hhfw rewdlqv
iru lqwhuwhpsrudo wudgh li lw lv frvwo| wr pdnh wulsv wr wkh edqn/ hyhq li vdohv uhfhlswv
fdq eh xvhg iru frqwhpsrudqhrxv sxufkdvhv1 Dq djhqw zkr zdqwv wr wudgh klv dssoh
wrgd| iru dq rudqjh wrpruurz frxog vhoo wkh dssoh wrgd|/ exw li wkhuh zhuh lq dwlrq
vr wkdw wkh rudqjh wrpruurz frvw pruh wkdq '4/ kh zrxog kdyh wr jr wr wkh edqn wr
ghsrvlw wkh '4 lq rughu wr kdyh hqrxjk wr sd| iru wkh rudqjh1 Exw li lw zhuh frvwo| wr
jr wr wkh edqn/ kh pljkw iruhjr wkh hqwluh vhw ri wudqvdfwlrqv1
Nh|qhvldq LVOP prghov zlwk yduldeoh yhorflw| lpsolflwo| lqfrusrudwh vlplodu hi0
ihfwv1 Zkhq lqwhuhvw udwhv jr xs/ djhqwv duh dvvxphg wr ghpdqg ohvv prqh|1 Wkh
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lpsolflw mxvwlfdwlrq lv wkdw hdfk djhqw pdnhv pruh iuhtxhqw wulsv wr wkh edqn/ sdu0
wldoo| plwljdwlqj wkh wudglqj lqh!flhqf| iurp kljkhu lqwhuhvw udwhv exw vxevwlwxwlqj
vkrh ohdwkhu frvwv1 Lq wkh hduo| Oxfdv prgho wkhvh lqh!flhqflhv gr qrw dhfw wkh
qxpehu ri wudqvdfwlrqv ehfdxvh wkh djhqw lv reoljhg wr vhoo doo klv dssohv dq|zd|/ qr
pdwwhu zkdw wkh lqwhuhvw udwh1
Rxu phwkrgrorjlfdo dssurdfk kdv sdudoohov lq wkh ryhuodsslqj jhqhudwlrqv olwhud0
wxuh dqg lq wkh zrun ri Oxfdv dqg klv iroorzhuv1 Erwk ri wkhvh olwhudwxuhv pdlqwdlq doo
wkuhh ohjv ri wkh jhqhudo htxloleulxp sdudgljp1 Exw erwk dyrlg wkh edfnzdug lqgxf0
wlrq ydoxh ri prqh| sx}}oh e| zrunlqj lq dq lqqlwh krul}rq zklfk kdv qr odvw shulrg
iurp zklfk wr vwduw wkh edfnzdug lqgxfwlrq1 Wkh lqqlwh krul}rq lqwurgxfhv vhyhudo
lqfrqyhqlhqw ihdwxuhv wr wkh prgholqj zklfk zh kdyh vrxjkw wr dyrlg1 Lq ryhuodsslqj
jhqhudwlrqv prghov/ wkhuh fdq eh d frqwlqxxp ri glhuhqw htxloleuld/ dqg rqh frxqwu|
fdq uxq d edodqfh ri wudgh ghflw iru doo wlph +vhh ^56`,1 D ixuwkhu gl!fxow| lv wkdw
wkh lqqlwh krul}rq pdnhv wkh prgho doprvw frpsohwho| lqwudfwdeoh iurp d frpsxwd0
wlrqdo srlqw ri ylhz1 Lqghhg/ lq rughu wr pdnh klv prgho wudfwdeoh/ Oxfdv pdnhv wkh
khurlf dvvxpswlrq wkdw hdfk frxqwu| lv uhsuhvhqwhg e| d vlqjoh djhqw/ dqg wkdw doo
wkhvh uhsuhvhqwdwlyhv duh lghqwlfdo1 Lq rughu wr prwlydwh wudgh lqvlgh hdfk frxqwu|/
wkh uhsuhvhqwdwlyh djhqw lv jlyhq d vsolw shuvrqdolw| wkdw wudghv zlwk lwvhoi dw vrph
prphqwv/ dqg srrov doo lwv uhvrxufhv dw rwkhu prphqwv1 E| frqwudvw/ zh ghyhors d
frpsxwdwlrqdoo| wudfwdeoh prgho lq zklfk wkhuh lv jhqxlqh glyhuvlw| ehwzhhq djhqwv1
Wkxv dowkrxjk rxu phwkrgrorjlfdo dssurdfk lv dnlq wr Oxfdv/ rxu srolf| frqfoxvlrqv
duh qrw1
Rxu forvhvw phwkrgrorjlfdo suhfxuvru lv Pduwlq Vkxeln ^5;`/ ^64` zkr lqwurgxfhg
d fhqwudo edqnlqj vhfwru zlwk h{rjhqrxvo| vshflhg vwrfnv ri prqh|/ dqg fdvk0lq0
dgydqfh frqvwudlqwv1 Vkxeln +^5;`/ ^5<`, dovr hpskdvl}hg wkh yluwxhv ri prgholqj hdfk
wudqvdfwlrq1 Judqgprqw +^47`/ ^48`/ ^4:`/ ^49`, dovr lqwurgxfhg d edqnlqj vhfwru dqg
kh hpskdvl}hg wkh lqh!flhqf| ri wudgh zlwk prqh|1 +Wkh fdvk0lq0dgydqfh frqvwudlqw
fdq eh wudfhg dw ohdvw dv idu edfn dv Forzhu ^8`/ dqg kdv ehhq xvhg e| Oxfdv1, Wkrxjk
wkh| kdg prvw ri wkh lqglylgxdo lqjuhglhqwv/ qhlwkhu Judqgprqw qru Vkxeln frpelqhg
d fhqwudo edqn zklfk pdnhv ordqv/ zlwk fdvk lq dgydqfh frqvwudlqwv dqg zlwk sulydwh
prqh|1 Lw lv wklv wulsoh frpelqdwlrq zklfk lv fuxfldo wr pdnh htxloleulxp ghwhuplqdwh
dqg wr vhsdudwh rxu lqwhuqdwlrqdo prqhwdu| htxloleulxp iurp frpshwlwlyh htxloleulxp1
Qhlwkhu Judqgprqw qru Vkxeln vdz wkh qhhg iru d jdlqv wr wudgh k|srwkhvlv/ dqg
qhlwkhu suryhg wkh h{lvwhqfh ri d prqhwdu| htxloleulxp glvwlqfw iurp frpshwlwlyh
htxloleulxp lq d qlwh krul}rq1 Qhlwkhu irfxvhg rq lqwhuqdwlrqdo qdqfh1
Rxu dqdo|vlv rzhv pxfk wr wkh iudphzrun ghyhorshg e| Gxeh| dqg Jhdqdnrsorv
^<` lq d rqh0shulrg jhqhudo htxloleulxp prgho/ dqg wkhq h{whqghg e| wkhp ^43` lq xq0
sxeolvkhg zrun wr pxowlsoh shulrgv lq rughu wr frpelqh pdfurhfrqrplfv dqg jhqhudo
htxloleulxp1 Lq sduwlfxodu zh rzh wr ^43` wkh surri wkdw prqhwdu| dqg vfdo srolf|
duh qrw qhxwudo dqg wr ^<` wkh surri wkdw prqh| fdq kdyh srvlwlyh ydoxh lq d qlwh
krul}rq prgho1 Zh h{whqg wkrvh prghov e| frqvlghulqj pdq| frxqwulhv dqg lqwhuqd0
wlrqdo qdqfh +wkrxjk zh gurs xqfhuwdlqw|,1 Lq wkh Gxeh|Jhdqdnrsorv iudphzrun/
dv lq rxuv/ djhqwv ehjlq zlwk vwrfnv ri fdvk zklfk wkh| rzq iuhh dqg fohdu zlwk qr
reoljdwlrqv1 Exw wkh| dovr kdyh wkh rswlrq ri yroxqwdulo| eruurzlqj pruh prqh| iurp
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wkh fhqwudo edqn/ dw hqgrjhqrxvo| ghwhuplqhg lqwhuhvw udwhv/ zklfk/ li srvlwlyh/ zloo
fdxvh wkhp wr rzh pruh prqh| wkdq wkh| eruurzhg1 +Wkhvh edqn ordqv duh dydlodeoh
dw glhuhqw prphqwv dqg iru glhuhqw shulrgv ri wlph/ dqg wkhuhiruh djhqwv zloo eh uh0
sd|lqj wkhp wkurxjkrxw wkh wlph krul}rq ri wkh prgho1, Lq htxloleulxp doo wkh prqh|
ohiw lq wkh djhqwv* kdqgv lq wkh odvw shulrg +lqfoxglqj wkhlu sulydwh hqgrzphqwv, zloo
eh rzhg wr wkh edqn/ vr prqh| zloo kdyh ydoxh +l1h1/ vrph djhqwv zloo jlyh xs jrrgv
iru prqh|, lq wkh odvw shulrg ehfdxvh wkh| qhhg wkh fdvk wr sd| r wkhlu ghewv1 Wkh
fhqwudo edqn lv uhjdughg dv dq dup ri wkh jryhuqphqw zklfk surylghv h{rjhqrxvo|
{hg txdqwlwlhv ri prqh| iru ordqv ri ydu|lqj ohqjwkv dw ydulrxv wlph shulrgv/ dqg
wkhq froohfwv rq lwv ghewv15 Htxlydohqwo|/ wkh edqn h{hfxwhv rshq pdunhw wudqvdfwlrqv/
ex|lqj erqgv iurp wkh sxeolf1 E| ydu|lqj wkh txdqwlwlhv ri prqh| dydlodeoh dw wkh
edqn +l1h1/ wkh ydoxh ri wkh rshq pdunhw sxufkdvhv,/ wkh jryhuqphqw fdq frqwuro wkh
vwrfnv ri prqh| lq wkh hfrqrp|1
Zh vkrz lq rxu prgho/ wkdw xqghu d jdlqv wr wudgh k|srwkhvlv/ lqwhuqdwlrqdo
prqhwdu| htxloleulxp +LPH, dozd|v h{lvwv/ dqg prqh| kdv ydoxh/ dqg h{fkdqjh
udwhv duh zhoo0ghqhg1 +Li wkhuh zhuh qr jdlqv wr wudgh/ wkhuh zrxog eh qr uhdvrq
wr rewdlq prqh|/ dqg prqh| zrxog kdyh qr ydoxh1, Pruhryhu/ dowkrxjk zh gr qrw
suryh lw khuh/ wkhuh duh w|slfdoo| rqo| d qlwh qxpehu ri htxloleuld/ vr rqh fdq vshdn
ri wkh h{fkdqjh udwh ru sulfh ohyho ghwhuplqhg lq htxloleulxp/ lq frqwudvw wr prghov
ri lqwhuqdwlrqdo wudgh edvhg rq ryhuodsslqj jhqhudwlrqv hfrqrplhv1 LPH doorfdwlrqv
duh w|slfdoo| qrw Sduhwr h!flhqw ehfdxvh sxufkdvhv pxvw eh pdgh zlwk prqh|/ dqg
prqh| lv vfdufh1 Wkh vfduflw| ri prqh| jlyhv prqh| ydoxh +l1h1/ lw pdnhv wkh uhodwlyh
sulfh ehwzhhq frpprglwlhv dqg prqh| ohvv wkdq lqqlw|, dqg lw pdnhv lqwhuhvw udwhv
srvlwlyh +l1h1/ lw pdnhv wkh uhodwlyh sulfh ri ixwxuh prqh|/ ru erqgv/ wr suhvhqw prqh|
ohvv wkdq 4,1
Lq Vhfwlrqv 57 zh ghvfuleh wkh prgho1 Lq Vhfwlrq 8 zh qrwh wkdw wkh Nh|qhvldq
vrxufhv ri ghpdqg iru prqh| dsso| hyhq wkrxjk zh ghulyh ehkdylru iurp xwlolw|
pd{lpl}dwlrq1 Zh dovr revhuyh wkdw rxu vlpsoh fkrlfh ri wkh rughu ri pdunhwv uhtxluhv
wkh yhorflw| ri prqh| wr eh 41 Krzhyhu/ lq rxu prgho wkh uhdo yhorflw| ri prqh|/
e| zklfk zh phdq wkh vwrfn ri prqh| glylghg e| wkh dprxqw ri uhdo wudqvdfwlrqv
+vrphkrz djjuhjdwhg, lv yduldeoh dqg hqgrjhqrxv1 Li zh doorzhg iru vlpxowdqhrxv
pdunhwv wkh yhorflw| zrxog dovr eh yduldeoh dqg hqgrjhqrxv1
Lq Vhfwlrq 9 zh vwdwh rxu h{lvwhqfh wkhruhp dqg qrwh wkdw lw ghshqgv rq srwhqwldo
jdlqv wr wudgh1 Lw lv fxulrxv wkdw suhylrxv dxwkruv kdyh qrw irxqg lw qhfhvvdu| wr
lqyrnh vxfk d k|srwkhvlv lq glvfxvvlqj prqh|1 Zh qrwh wkdw li wkh udwlr ri jryhuqphqw
ghflwv wr fhqwudo edqn ordqv dqg rshq pdunhw rshudwlrqv h{fhhgv wkh jdlqv wr wudgh/
wkhq htxloleulxp zloo qrw h{lvw1 Dw vrph qlwh ohyho ri ghew/ sulfhv zloo h{sorgh lq
d k|shulq dwlrq1 Lq Vhfwlrq : zh qrwh wkdw dv jryhuqphqw h{shqglwxuhv dqg sulydwh
prqh| vkulqn wr 3/ rxu lqwhuqdwlrqdo prqhwdu| htxloleulxp dssurdfkhv frpshwlwlyh
htxloleulxp1
Lq Vhfwlrq ; zh vkrz wkdw lq wkh suhvhqfh ri sulydwh prqh| ru jryhuqphqw ghflwv/
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Qr h{sodqdwlrq lv jlyhq zk| wkh fhqwudo edqn lv zloolqj wr wdnh wkh prqh| lq wkh odvw shulrg +ru
zkdw kdsshqv wr wkh surwv ri wkh edqn li lqwhuhvw udwh sd|phqwv duh srvlwlyh,1 Krzhyhu/ lw lv srvvleoh
wr h{whqg wkh prgho wr doorz wkh edqn wr eh rzqhg e| vkduhkroghuv lqvwhdg ri wkh jryhuqphqw/ dqg
vwloo vxssruw d srvlwlyh ydoxh ri prqh| dv lq VkxelnWvrprfrv ^63`1

;

lqwhuqdwlrqdo prqhwdu| htxloleulxp lv qrw Sduhwr h!flhqw/ dqg prqhwdu| srolf| qhf0
hvvdulo| kdv uhdo hhfwv1
Lq Vhfwlrqv < dqg 43 zh ghulyh vwudljkwiruzdugo| pdq| ri wkh vwdqgdug uhodwlrq0
vklsv ri lqwhuqdwlrqdo qdqfh/ lqfoxglqj wkh xqfryhuhg lqwhuhvw udwh sdulw|/ sxufkdvlqj
srzhu sdulw|/ wkh Ilvkhu hhfw/ orqj uxq lqwhuqdwlrqdo wudgh edodqfh/ dqg d yhuvlrq ri
wkh txdqwlw| wkhru| ri prqh|1
Duphg zlwk wkhvh jhqhudo sulqflsohv zh wxuq lq Vhfwlrq 44 wr dqdo|}lqj frqfuhwh
frpsdudwlyh vwdwlfv fkdqjhv lq frpsxwdeoh jhqhudo htxloleulxp prghov1 Riwhq wkh
jhqhudo sulqflsohv fdq srlqw xv wr wkh fruuhfw gluhfwlrqv ri fkdqjh/ exw rwkhu wlphv
lw lv rqo| diwhu wudflqj rxw wkh qhz htxloleulxp wkdw zh fdq udwlrqdol}h wkh rxwfrph1
Iru h{dpsoh/ lq jhqhudo htxloleulxp wkh h{fkdqjh udwh pxvw vlpxowdqhrxvo| vdwlvi|
sxufkdvlqj srzhu sdulw|/ xqfryhuhg lqwhuhvw sdulw|/ dqg lw pxvw jxdudqwhh d orqj0uxq
wudgh edodqfh1 Vrph vkrfnv wr wkh hfrqrp| zloo pryh wkhvh wkuhh uhtxluhphqwv lq
glhuhqw gluhfwlrqv/ dssduhqwo| ohdylqj wkh gluhfwlrq ri fkdqjh ri wkh h{fkdqjh udwh
dpeljxrxv1 Rqo| e| vlpxowdqhrxvo| htxloleudwlqj doo wkh htxdwlrqv dqg yduldeohv fdq
rqh ghwhuplqh wkh gluhfwlrq ri pryhphqw ri hdfk1
Wkh frpsdudwlyh vwdwlfv frqfoxvlrqv zh frph wr ghshqg ri frxuvh rq wkh sdud0
phwhul}dwlrq ri wdvwhv dqg hqgrzphqwv wkdw zh kdyh fkrvhq1 Lw kdv ehhq vxjjhvwhg
wkdw jhqhudo htxloleulxp lv qrw xvhixo ehfdxvh lq vxfk prghov dq|wklqj fdq kdsshq
zkhq srolf| sdudphwhuv duh fkdqjhg/ li wkh lqlwldo gdwd ri wkh hfrqrp| lv fkrvhq
iruwxlwrxvo|1 Zh uhjdug wklv qrw dv d fulwlflvp ri jhqhudo htxloleulxp/ exw dv lwv ylq0
glfdwlrq1 Rqh fdqqrw krsh wr ixoo| xqghuvwdqg dq| srolf| fkdqjh xqwlo rqh nqrzv
krz doo lwv hhfwv ghshqg rq wkh ehkdylru ri wkh djhqwv1
Lq rughu wr jlyh d pruh frpsuhkhqvlyh wuhdwphqw ri lvvxhv dulvlqj lq lqwhuqdwlrqdo
qdqfh/ zh zrxog qhhg wr h{whqg wkh prgho zh kdyh ghvfulehg khuh wr lqfrusrudwh
surgxfwlrq/ xqfhuwdlqw|/ dqg lqfrpsohwh pdunhwv1 Vxfk dq hoderudwh iudphzrun pljkw
dovr shuplw xv wr uhfrqvlghu vrph ri wkh wudglwlrqdo lqwhuqdwlrqdo wudgh uhvxowv lq d
qdqfldo frqwh{w1 Zh eholhyh wkdw lqfrusrudwlqj prqh| lv wkh fux{ ri wkh sureohp/
dqg wkhuhiruh wkdw wklv h{whqvlrq lv zlwklq rxu judvs16 Ilqdoo|/ lw vhhpv hylghqw
wkdw diwhu zh jdlq vrph h{shulhqfh zlwk wkhvh prghov/ zh zloo eh deoh wr ghulyh rxu
frpsdudwlyh vwdwlfv uhvxowv lq d pruh jhqhudo frqwh{w wkdq rxu h{dpsoh1

5
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Wkh Prgho
Wkh Lqwhuqdwlrqdo Hfrqrp|

Zh frqvlghu frxqwulhv  5 F @ i4> 5> ===>
VFj dqg wkh wlph krul}rq w 5 W @ i3> 4> ===> W j1
Hdfk krxvhkrog k 5 K @ i4> ===> Kj @ kM K k ehorqjv wr d vlqjoh frxqwu|> zh zulwh
k 5 K k li krxvhkrog k ehorqjv wr frxqwu| 1
Wkh frpprglwlhv c 5 O @ i4> ===> Oj duh doo shulvkdeoh dqg fdqqrw eh lqyhqwrulhg
ehwzhhq shulrgv17 Zh dovr dvvrfldwh hdfk frpprglw| zlwk d vlqjoh frxqwu|/ dqg zh
6
Gxeh|Jhdqdnrsorv ^43` lqfoxghv prqh|/ surgxfwlrq/ xqfhuwdlqw|/ dqg lqfrpsohwh pdunhwv lq d
rqh0frxqwu| prgho/ dqg wklv vxjjhvwv wkdw rxu lqwhuqdwlrqdo iudphzrun fdq dovr eh vr h{whqghg1
7
Shulvkdelolw| lv dvvxphg iru frqyhqlhqfh rqo|> lw uhgxfhv qrwdwlrq e| kdoi1 Gxeh|Jhdqdnrsorv
^43` vkrz krz wr lqfoxgh gxudeoh frpprglwlhv1

<

zulwh iru h{dpsoh c 5 Ok 1 +Dphulfd dqg Mdsdq pd| erwk vhoo fduv/ exw wkh| duh
Dphulfdq fduv dqg Mdsdqhvh fduv1, Ixuwkhupruh/ zh glylgh wkh jrrgv c 5 Ok @
Gk ^ I k lq hdfk frxqwu|  lqwr grphvwlf jrrgv zklfk fdq rqo| eh sxufkdvhg e|
krxvhkrogv lq frxqwu| / dqg lqwhuqdwlrqdo +iruhljq, jrrgv zklfk fdq eh sxufkdvhg
e| doo djhqwv1
k
Djhqw k 5 K k kdv lqlwldo hqgrzphqw h 5 UAnu ri frxqwu|  frpprglwlhv8 dqg
xwlolw| ixqfwlrq x = UAnu $ U1 Frqvxpswlrq ri jrrg wc e| djhqw k lv zulwwhq {| 1
Zh dvvxph wkdw hyhu| frpprglw| lv dfwxdoo| suhvhqw lq wkh lqwhuqdwlrqdo hfrqrp|/
l1h1/ iru hdfk  5 F dqg w 5 W dqg c 5 Ok /
[
h| A 3=
MM k

Pruhryhu/ qr djhqw kdv wkh qxoo hqgrzphqw ri frpprglwlhv lq dq| wlph shulrg/ l1h1/
iru hdfk w 5 W / k 5 K/
h| A 3 iru vrph c 5 Ok =
Ohw D eh wkh pd{lpxp dprxqw ri dq| frpprglw| wc wkdw h{lvwv lq wkh lqwhuqd0
wlrqdo hfrqrp| dqg ohw 4 ghqrwh wkh xqlw yhfwru lq UA u 1 Wkhq zh dvvxph wkdw hdfk
x lv frqwlqxrxv/ frqfdyh/ vwulfwo| lqfuhdvlqj lq hdfk yduldeoh dqg hdfk frpprglw|
pdwwhuv/ l1h1/
<T A 3 vxfk wkdw x +3> ===> T> ===> 3, A x +D4,>
iru T lq dq duelwudu| frpsrqhqw1 +Rxu uhvxowv uhpdlq xqdowhuhg li lqvwhdg ri wkh
suhylrxv frqglwlrq zh dvvxph vprrwkqhvv ri x 1,
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Jryhuqphqwv dqg Fhqwudo Edqnv

Hdfk frxqwu|  5 F lv uxq e| d jryhuqphqw zklfk kdv wkh fdsdflw| wr dfw rq pdunhwv
+shukdsv wkurxjk dq djhqf| fdoohg lwv fhqwudo edqn ru wuhdvxu| ru Ihghudo Uhvhuyh,1
Zh vkdoo wdnh wkhvh jryhuqphqw dfwlrqv dv h{rjhqrxvo| vshflhg/ dqg dqdo|}h wkhlu
frqvhtxhqfhv1
Zh vkdoo dovr doorz hdfk jryhuqphqw wr ex| frpprglwlhv dqg wr ex| dqg vhoo erqgv
dqg iruhljq fxuuhqf|1 Zh lqwhusuhw jryhuqphqw sxufkdvhv ri +grphvwlf, frpprglwlhv
dv sduw ri vfdo srolf|> wudqvdfwlrqv lq wkh erqg pdunhw duh uhjdughg dv rshq pdunhw
rshudwlrqv iru prqhwdu| srolf|> dqg wudqvdfwlrqv lq iruhljq fxuuhqflhv duh wkrxjkw ri
dv hruwv wr frqwuro h{fkdqjh udwhv1
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Wkh Wlph Vwuxfwxuh ri Pdunhwv

Lq hdfk shulrg w @ 3> 4> ===> W / irxu pdunhwv phhw= uvw wkh wkuhh qdqfldo pdunhwv/
ehjlqqlqj zlwk wkh vkruw0whup +lqwudshulrg, erqg pdunhw/ iroorzhg e| wkh iruhljq
h{fkdqjh pdunhw dqg wkhq wkh orqj0whup +lqwhushulrg, erqg pdunhw1 Wkh frpprglw|
pdunhwv duh wkh odvw wr phhw lq wkh shulrg1 Dw wkh hqg ri wkh shulrg wd{ uhyhqxh lv
uhglvwulexwhg wr wkh sxeolf1 Orqj0whup erqgv frph gxh diwhu wkh vkruw0whup erqg
8
Vr dv qrw wr foxwwhu rxu qrwdwlrq/ zh vkdoo vrphwlphv zulwh e M dUoAu
n zkhq zh vkrxog zulwh

Ee c f M dUoAu
n / vlqfh uk a u1

43

pdunhw phhwv/ exw ehiruh wkh iruhljq h{fkdqjh pdunhw phhwv1 Vkruw0whup erqgv frph
gxh dw wkh hqg ri wkh shulrg1 Hdfk shulrg wkxv kdv vhyhq wudqvdfwlrq prphqwv= vkruw
erqgv/ orqj erqg gholyhulhv/ iruhljq h{fkdqjh/ orqj erqgv/ frpprglwlhv/ jryhuqphqw
wudqvihuv/ vkruw erqg gholyhulhv1

F
C
Interperiod loan

Intraperiod loan

T

F
C

Intraperiod loan

T
Interperiod loan

F
C

Intraperiod loan

T

Iljxuh 4
Iljxuh 4 lqglfdwhv rxu wlph olqh/ lqfoxglqj wkh prphqwv dw zklfk wkh ydulrxv ordqv
frph gxh1 Zh pdnh wkh vhtxhqfh suhflvh zkhq zh irupdoo| ghvfuleh wkh exgjhw vhw1
Wkh rughulqj ri wkh pdunhwv lv xqlpsruwdqw li wkh wlph krul}rq W lv odujh +dqg li
jrrgv duh gxudeoh,1 Zh kdyh fkrvhq wkh rughu +zlwk wkh qdqfldo pdunhwv uvw, lq
rughu wr pd{lpl}h wkh dprxqw ri srvvleoh wudglqj dfwlylw| shu shulrg1
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Prqh| dqg Pdunhwv

Zh srvwxodwh d fdvk0lq0dgydqfh uhtxluhphqw iru dq| sxufkdvh1 Wr ex| d frpprglw| ru
erqg ru iruhljq fxuuhqf|/ dq djhqw pxvw sd| fdvk/ zklfk kh fdq rewdlq iurp klv sulydwh
prqhwdu| hqgrzphqwv/ ru rxw ri lqyhqwrulhv iurp suhylrxv pdunhw wudqvdfwlrqv1 Vlqfh
dw prqh| lv wkh vwlsxodwhg phdqv ri h{fkdqjh/ wudqvdfwlrqv lq hdfk pdunhw kdyh d
frqyhqlhqw sk|vlfdo lqwhusuhwdwlrq dffruglqj wr zklfk prqh| lv wudghg iru htxdo ydoxh
ri frpprglwlhv ru erqgv ru iruhljq fxuuhqf|1
44

Zh uhjdug d pdunhw dv d v|pphwulf h{fkdqjh ehwzhhq wzr lqvwuxphqwv1 Lq vwdq0
gdug DuurzGheuhx whuplqrorj|/ d pdunhw ehduv rqo| rqh qdph1 Vlqfh lq rxu prgho/
prqh| lv dozd|v rqh ri wkh lqvwuxphqwv/ zh wrr fdq jlyh hdfk pdunhw d vlqjoh qdph/
exw rqh frxog hdvlo| lpdjlqh rwkhu pdunhwv +h1j1/ iru fuhglw fdug sxufkdvhv, zkhuh qhl0
wkhu vlgh zdv fdvk= iru pruh glvfxvvlrq vhh Gxeh|Jhdqdnrsorv ^43`1 Mxvw dv djhqwv
fdqqrw vhoo prqh| wkh| gr qrw kdyh rq d pdunhw/ vr lq rxu prgho djhqwv fdqqrw
vhoo frpprglwlhv ru iruhljq h{fkdqjh wkh| gr qrw kdyh1 Wkh rqo| h{fhswlrq lv fuhglw
pdunhwv/ zkhuh zh doorz djhqwv wr zulwh wkhlu rzq surplvhv +erqgv,1
Wkh qhfhvvlw| wr kdyh fdvk lq rughu wr sxufkdvh frpprglwlhv ghvwur|v wkh fodv0
vlfdo glfkrwrp| ehwzhhq wkh uhdo dqg qdqfldo vhfwruv ri wkh hfrqrp| li lqwhuhvw
udwhv duh srvlwlyh1 +Lw dovr h{sodlqv zk| zh kdyh sodfhg wkh fuhglw pdunhwv ehiruh wkh
iruhljq h{fkdqjh dqg frpprglw| pdunhwv rq rxu wlph olqh1,
Hdfk frxqwu|  5 F kdv lwv rzq dw prqh| zlwk zklfk wudqvdfwlrqv ri lwv grphvwlf
dqg lqwhuqdwlrqdo jrrgv wdnh sodfh1 Zh fdoo wkh prqh| ri frxqwu| / 0prqh|1
Prqh| hqwhuv wkh lqwhuqdwlrqdo hfrqrp| lq wkuhh zd|v1 Iluvw/ lw pd| eh suhvhqw lq
wkh sulydwh hqgrzphqwv ri djhqwv1 Djhqw k 5 K k kdv dq hqgrzphqw p|k ri 0prqh|/
iru hdfk w 5 W 19 Vhfrqg/ zkhq dq| jryhuqphqw  +shukdsv wkurxjk d fhqwudo edqn,
sxufkdvhv frpprglwlhv/ erqgv/ dqg iruhljq fxuuhqf| zlwk wkh dssursuldwh fxuuhqf|/
lw lqmhfwv prqh| lqwr wkh hfrqrp|1 Wklug/ zkhq wkh 0jryhuqphqw uhsd|v suhylrxvo|
lvvxhg 0jryhuqphqw erqgv/ lw dovr lqmhfwv prqh| lqwr wkh hfrqrp|1 Wkh fkdqqho e|
zklfk prqh| hqwhuv wkh hfrqrp| lq xhqfhv wkh hhfw wkh prqh| kdv rq wkh hfrqrp|/
dv zh vkdoo vhh lq juhdw ghwdlo odwhu rq1
Prqh| h{lwv wkh v|vwhp lq wkuhh zd|v= dv wd{hv/ lq sxufkdvhv ri jryhuqphqw erqgv
+ru jryhuqphqw vxssolhg iruhljq fxuuhqf|,/ dqg dv sd|phqw rq erqgv +surplvhv, vrog
wr wkh jryhuqphqw1 Ri wkhvh/ wkh odvw lv wkh prvw lpsruwdqw iru rxu sdshu1
Zh qrz glvfxvv wkh ydulrxv pdunhwv lq uhyhuvh fkurqrorjlfdo rughu1
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Wkh Frpprglw| Pdunhwv

Frpprglw| sulfhv s| duh wdnhq e| wkh djhqwv dv {hg1 Ohw e|  dprxqw ri 0prqh|
vhqw e| djhqw k wr wudgh lq wkh pdunhw ri frpprglw| c 5 Ok 1 D jrrg iurp frxqwu|
 fdq rqo| eh sxufkdvhg zlwk 0prqh|1 Djhqwv fdqqrw vhoo frpprglwlhv wkh| gr qrw
  h 1 Qrwh wkdw li c 5 Gk dqg e A 3/ wkhq k 5 K k / zkhuhdv/ li c 5 I k
rzq/ vr t|
|
|
wkhq k 5 K1 Ohw P| eh wkh dprxqw ri 0prqh| wkh  jryhuqphqw sxwv xs wr ex|
frpprglw| c 5 Ok 1 Wkhvh jryhuqphqw h{shqglwxuhv duh wdnhq dv h{rjhqrxv1 Ohw
  dprxqw ri jrrg c rhuhg iru vdoh e| k 5 K k 1 Lq htxloleulxp/ dw srvlwlyh ohyhov
t|
ri wudgh/ 3 ? s| ? 4/
S 
S 
e| .
P|
s| @

MM

S

MM
9

 M
t
k |

=

Wklv lv rxwvlgh prqh| lq wkh pdfurhfrqrplfv mdujrq/ ehfdxvh lw lv rzqhg iuhh dqg fohdu e| wkh
sxeolf zlwk qr rvhwwlqj ghew/ ru oltxlg zhdowk/ lq wkh vhqvh wkdw lw fdq eh xvhg lpphgldwho| wr
sxufkdvh frpprglwlhv dqg dvvhwv1 Zh fdq dovr lqwhusuhw 6||k dv wkh idfh ydoxh ri suhylrxvo| dftxluhg
}hur0frxsrq jryhuqphqw erqgv pdwxulqj dw wkh ehjlqqlqj ri shulrg |/ ru dv jryhuqphqw wudqvihuv1
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Doo wkh frpprglw| pdunhwv phhw vlpxowdqhrxvo|> khqfh fdvk rewdlqhg iurp wkh
vdoh ri frpprglw| wc fdqqrw eh xvhg iru wkh sxufkdvh ri dqrwkhu frpprglw| wc lq
wkh vdph shulrg w1
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Vwrfnv dqg Iorzv

Lq wkh devwudfw DuurzGheuhx prgho lw lv gl!fxow wr glvwlqjxlvk vwrfnv dqg rzv/
hvshfldoo| zkhq sxeolf surgxfwlrq lv lqyroyhg1 Hyhq zkhq wkh| fdq eh glvwlqjxlvkhg
irupdoo|/ wkhuh lv qr lpsruwdqfh lq wkh glvwlqfwlrq> rqh pljkw dv zhoo dvvxph wkdw
hyhu| jrrg lv erxjkw dqg vrog hdfk shulrg1 Lq wkh Oxfdv +h{fkdqjh hfrqrp|, prgho/
djhqwv duh uhtxluhg wr sxw hyhu|wklqj xs iru vdoh lq hdfk shulrg/ vr wkhuh fdq eh qr
glvwlqfwlrq ehwzhhq vwrfnv dqg rzv1
 ri frpprglwlhv e| djhqwv duh hqgrjhqrxv> djhqwv duh
Lq rxu prgho wkh vdohv t|
qrw uhtxluhg wr sxw dq|wklqj xs iru vdoh1 Lq idfw/ vlqfh vdohv htxdo sxufkdvhv lq
htxloleulxp/ wkh wrwdo txdqwlw| ri vdohv lv d jrrg phdvxuh ri djjuhjdwh hfrqrplf
dfwlylw|1 +Lq Oxfdv lw lv hvvhqwldoo| h{rjhqrxv1, Lqghhg zh vkdoo fdoo
[ [
[ [
 dqg \ k 

s| t|
t|
\|k 
|
M u k  M M k

M u k  M M k

wkh qrplqdo dqg uhdo lqfrphv ri djhqwv lq frxqwu|  lq shulrg w1 Wkh| duh hqgrjhqrxv
yduldeohv1:
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Wkh Iruhljq H{fkdqjh Pdunhwv

Wkh iruhljq h{fkdqjh pdunhwv phhw rqfh hyhu| shulrg/ dqg hqgrjhqrxv h{fkdqjh
udwhv  |kq / >  5 F/ w 5 W / duh ghwhuplqhg dw htxloleulxp/ wkrxjk djhqwv uhjdug
wkhp dv {hg1 Wkhuh lv d iruhljq h{fkdqjh pdunhw iru hdfk sdlu ri fxuuhqflhv/ dqg
wkhuhiruh wkh qxpehu ri vxfk pdunhwv lq wkh zruog hfrqrp| lv W F+F  4,@51 Lq
wkhvh pdunhwv lqglylgxdo djhqwv zlwk wkhlu grphvwlf fxuuhqf|/ ru iruhljq h{fkdqjh
wkh| kdyh dffxpxodwhg lq suhylrxv shulrgv/ fdq sduwlflsdwh1 Ohw e|kq  dprxqw ri

0prqh| rhuhg e| k wr wudgh djdlqvw 0prqh| dw w 5 W 1 Ohw P|kq
eh wkh dprxqw ri
0prqh| jryhuqphqw  sxwv xs dw wlph w wr ex| 0prqh|1 Lq htxloleulxp/ dw srvlwlyh
ohyhov ri iruhljq h{fkdqjh wudgh/ 3 ?  |kq ? 4/
S 
S 
e|qk .
P|qk
MM

 M

MM

 M

 |kq @ S 
S  =
e|kq .
P|kq

Qrwh wkdw  |kq @ + |qk ,3 1
Iru h{dpsoh/ li djhqw k ri frxqwu|  lv zloolqj wr rhu dq dprxqw ri/ vd|/ e|kq
grooduv wr dftxluh iruhljq h{fkdqjh/ vd| ri Jhupdq|/ dqg k ri frxqwu|  rhuv e|qk
 @ 

q

pdunv/ wkhq k 5 K k dftxluhv i|q
|kq  e|kq pdunv dqg k 5 K dftxluhv i|k @
+ |kq ,3  e|qk grooduv1
:

Wkh uhdo lqfrph lv dq duelwudu| qxpehu vlqfh lw ghshqgv rq wkh xqlwv lq zklfk zh phdvxuh jrrgv1
Vrph srolf| fkdqjhv/ krzhyhu/ zloo lqfuhdvh t7|k qr pdwwhu krz zh phdvxuh wkh xqlwv1
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Erqg Pdunhwv @ Fuhglw Pdunhwv @ Ordq Pdunhwv

Zh glvwlqjxlvk wzr nlqgv ri erqg +htxlydohqwo| fuhglw ru ordq, pdunhwv1 Vkruw0whup
+lqwudshulrg ru ryhuqljkw, 0erqgv surplvh 4 xqlw ri 0prqh| dw wkh hqg ri wkh vdph
shulrg lq zklfk wkh| duh wdnhq1 Orqj0whup +lqwhushulrg, 0erqgv surplvh 4 xqlw
ri 0prqh| dw wkh ehjlqqlqj ri wkh qh{w shulrg/ exw diwhu wkh qh{w shulrg vkruw
ordq ehjlqv1 Qrwh wkdw wkh orqj0whup ordqv fdq eh wkrxjkw ri dv rqh0shulrg }hur
frxsrq erqgv1 E| uroolqj ryhu d orqj ordq wr wkh qh{w vkruw ordq wr wkh qh{w orqj
ordq/ djhqwv fdq eruurz djdlqvw dq| ixwxuh wlph shulrg1 Ohw u|k > u|k eh wkh lqwhuhvw
udwhv rq wkh vkruw0dqg orqj0whup ordqv lq frxqwu|  uhvshfwlyho| +zh gr qrw frqvlghu
lqwhushulrg ordqv ri orqjhu gxudwlrq iru vlpsolflw|/ vlqfh zlwk urooryhu dqg wkh devhqfh
ri xqfhuwdlqw|/ rxu uhvxowv zrxog uhpdlq hvvhqwldoo| wkh vdph,1 Dq djhqw zkr eruurzv
% lq wkh lqwudshulrg +lqwhushulrg, ordq pdunhw rzhv +4 . u|k ,% ++4 . u|k ,%, dw wkh hqg
ri shulrg w +dw wkh ehjlqqlqj ri shulrg w . 4,1 Djhqwv uhjdug wkh lqwhuhvw udwhv dv
{hg1
Wkh edqn ri frxqwu|  kdv h{rjhqrxvo| vshflhg srvlwlyh txdqwlwlhv ri 0prqh|
 
> P|k ,|MA zklfk lw dxfwlrqv r lq wkh vkruw0 dqg orqj0whup 0erqg pdunhw/ uh0
P|k
vshfwlyho|/ lq hdfk shulrg1 Wkh edqn dovr vhoov erqgv +|k > |k , lq wkh vdph pdunhwv1
Djhqwv duh shuplwwhg wr vhoo dqg ex| erqgv/ l1h1/ wr eruurz dqg ghsrvlw prqh|
lq wkh ordq pdunhwv lq doo frxqwulhv1 Eruurzlqj dqg ghsrvlwlqj rffxu lq orfdo fxuuhq0
flhv1 +Dftxlvlwlrq ri iruhljq fxuuhqf| rffxuv yld wkh iruhljq h{fkdqjh pdunhw zkrvh
ixqfwlrq lv h{sodlqhg lq Vhfwlrq 51:1, Ohw |k +ru |k , eh wkh dprxqw ri }hur0frxsrq
erqgv lvvxhg e| djhqw k/ ru htxlydohqwo|/ wkh dprxqw ri prqh| djhqw k fkrrvhv wr rzh
rq wkh vkruw ordq +ru orqj ordq, wdnhq lq shulrg w lq frxqwu| / iru hdfk k 5 K1 Ohw
g|k dqg g|k eh wkh dprxqwv ri 0prqh| djhqw k ghsrvlwv lq shulrg w/ ru htxlydohqwo|/
wkh dprxqw ri prqh| k vshqgv rq sxufkdvhv ri vkruw0whup dqg orqj0whup erqgv1 Li
doo djhqwv sd| h{dfwo| zkdw wkh| rzh/ wkhq zh pxvw kdyh wkdw
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Zh gr qrw doorz djhqwv wr ghidxow/ khqfh doo erqgv ri wkh vdph pdwxulw| dqg
fxuuhqf| duh shuihfw vxevwlwxwhv/ vr lw lv qr orvv lq jhqhudolw| wr djjuhjdwh wkhp lqwr
rqh pdunhw1
Erqgv duh wkh rqo| lqvwuxphqw djhqwv duh doorzhg wr vhoo zlwkrxw rzqlqj1 Hv0
vhqwldoo| dq| djhqw fdq zulwh rxw klv rzq surplvh/ zklfk wkhq ehfrphv d erqg1
Krzhyhu/ kh lv olplwhg lq krz pdq| kh fdq vhoo e| wkh frqglwlrq kh grhv qrw ghidxow
lq htxloleulxp1
Erqgv dqg prqh| fdq eh lqyhqwrulhg> wkh| duh wkh vwruhv ri ydoxh lq rxu prgho1
Qhlwkhu surylghv xwlolw| gluhfwo| wr wkh djhqwv1 Zh ghqrwh e| p
a |k wkh dprxqw ri
0prqh| wkdw djhqw k fkrrvhv wr fduu| ryhu iurp shulrg w wr shulrg w . 41
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51<

Wdulv

Dv riwhq lv wkh fdvh lq lqwhuqdwlrqdo wudgh/ wkh jryhuqphqw lpsrvhv wdulv
rq lpsruwhg
q
k
ak @ V
jrrgv1 Zh prgho wdulv dv d shu xqlw dw 0prqh| wd{ *k| / c 5 O
q M I qI /
ohylhg rq hdfk frpprglw| lpsruwhg lqwr frxqwu| 1 +Dq dowhuqdwlyh zd| wr prgho
wdulv zrxog eh dv shufhqwdjhv ri wkh sulfhv iruphg dw htxloleulxp iru wkh lqwhuqd0
wlrqdoo| wudghg jrrgv1, Wdulv duh h{rjhqrxvo| lpsrvhg dqg lqwhu0frxqwu| vwudwhjlf
frqvlghudwlrqv iru wkh lpsrvlwlrq
ri wdulv gr qrw wdnh sodfh1 Wdul uhyhqxhv lq sh0
S
S
ulrg w duh htxdo wr Uk| @ MM k Muk *k|  {| 1 Wkh uhyhqxhv iurp wdulv froohfwhg
lq shulrg w e| jryhuqphqw  duh uhglvwulexwhg edfn wr wkh djhqwv ri frxqwu|  dw
wkh hqg ri shulrg w lq oxps0vxp wudqvihuv1 Vlqfh wkh jryhuqphqw grhv qrw nqrz d
sulrul zkdw lw zloo dffxpxodwh
S iurp wdulv/ uhglvwulexwlrq lv prghohg dv d yhfwru ri

k
shufhqwdjhv +z| ,MM c|MA > MM k z| @ 4/ ri wkh uhdol}hg uhyhqxhv1 Lq htxloleulxp/
uhdol}hg uhyhqxhv fruuhvsrqg wr h{shfwhg uhyhqxhv1 Zh qrwh wkdw wdulv/ ehvlghv wkhlu
sulfh hhfw dqg lpsdfw rq h{fkdqjh udwhv/ dovr kdyh zhdowk hhfwv lq wkh hfrqrp|
wkurxjk wkh uhglvwulexwlrq ri uhyhqxhv yld oxps0vxp wudqvihuv1
Ilqdoo|/ qrwh wkdw wdulv duh ohylhg lq whupv ri grphvwlf prqh| zkhuhdv sd|phqwv
iru lpsruwhg jrrgv rffxu lq wkh fxuuhqf| ri wkh frxqwu| zklfk h{sruwv wkhp1;
Iru vlpsolflw| ri qrwdwlrq zh gr qrw doorz iru dq| rwkhu wd{hv1 Lq rxu frpsdudwlyh
vwdwlfv fdofxodwlrqv zh lqyhvwljdwh wkh hhfw ri oxps vxp wd{hv e| vxewudfwlqj  iurp
vrph djhqw*v hqgrzphqw ri prqh|1
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Vxppdu| ri Jryhuqphqw Dfwlrqv

Wkh jryhuqphqw dfwlrqv ri frxqwu|  5 F duh jlyhq e| wkh yhfwru
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iru w 5 W / >  5 F/ dqg c 5 O1 Qrwh wkdw zh gr qrw lqtxluh krz jryhuqphqw 
jhwv fxuuhqf|  wr vshqg1 Li  @ / lw fdq vlpso| sulqw lw1 Iru  9@ / lw frphv
rxw ri fxuuhqf| uhvhuyhv1 Iru uhdghuv xqfrpiruwdeoh zlwk wklv/ qrwklqj lv kduphg e|

@ 3 li  9@ 1 Zh dovr gr qrw qhfhvvdulo| lpsrvh d jryhuqphqw exgjhw
vxssrvlqj P|k
frqvwudlqw/ vxfk dv uhtxlulqj wkdw wkh jryhuqphqw vshqgv qr pruh wkdq lw eruurzv
dqg wd{hv1 +Wkh h{lvwhqfh ri htxloleulxp lv shuihfwo| frpsdwleoh zlwk wkh jryhuqphqw
sulqwlqj prqh| wr qdqfh lwv h{shqglwxuhv1, Lq rxu h{dpsohv lq Vhfwlrq 44/ krzhyhu/
zh vkdoo lqghhg vxssrvh wkdw wkh jryhuqphqw grhv kdyh vxfk d exgjhw frqvwudlqw1

6

Wkh Exgjhw Vhw iru Djhqwv

Iru vlpsolflw|/ zh kdyh vxssrvhg wkdw wkh frpprglwlhv duh shulvkdeoh/ dqg wkdw hdfk
pdunhw phhwv rqo| rqfh hdfk shulrg1 Dvlgh iurp sxwwlqj dq xsshu erxqg rq wkh
yhorflw| ri prqh|/ zklfk lv hdvlo| fruuhfwhg lq pruh frpsolfdwhg prghov/ wkh gudzedfn
ri wklv vlpsolflw| lv wkdw zh pxvw fduhixoo| fkrrvh wkh rughu lq zklfk wkh pdunhwv
;

Dowhuqdwlyho|/ zh frxog kdyh prghohg wdulv wr eh sdlg lq iruhljq fxuuhqf| dqg vxevhtxhqwo| wr
eh ohylhg iurp wkh h{sruwhu1
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phhw1< Dffruglqjo|/ zh vxssrvh wkdw dw wkh ehjlqqlqj ri hdfk shulrg/ lqwudshulrg
edqn ordqv duh dydlodeoh vr wkdw djhqwv fdq eruurz wkh fdvk wr pdnh sxufkdvhv1 Wkh
iruhljq h{fkdqjh pdunhwv pxvw phhw ehiruh wkh orqj erqg dqg frpprglw| pdunhwv
lq rughu iru djhqwv zlwk fxuuhqf|  wr rewdlq 0prqh| wr ex| orqj erqgv dqg jrrgv
lq frxqwu|  lq wkh vdph wlph shulrg1 Wkh uhyhqxh iurp wdulv lv dvvxphg wr eh
glvwulexwhg ehiruh wkh hqg ri wkh shulrg lq zklfk wkh| duh froohfwhg/ dqg ehiruh
wkh lqwudshulrg ordqv frph gxh1 Wkh wlplqj ri wkh lqwhushulrg ordq grhv qrw pxfk
pdwwhu/ dv orqj dv lw lv vxfk wkdw djhqwv fdq uroo ryhu ordqv e| dowhuqdwlqj vkruw dqg
orqj ordqv1 Rxu vhtxhqfh ri pryhv lv lqglfdwhg lq Iljxuh 41 Qrwh wkdw wkhuh duh vhyhq
wudqvdfwlrq prphqwv lq hdfk shulrg1 Wkh hqgrzphqwv/ wkh sulfhv/ dqg wkh wlplqj
ri pdunhwv lpsrvhv ydulrxv frqvwudlqwv rq wkh fdvk edodqfhv ri djhqwv zklfk zh qrz
lqglfdwh1
Ghqrwh wkh pdfur yduldeohv zklfk duh ghwhuplqhg lq htxloleulxp/ dqg zklfk hyhu|
djhqw uhjdugv dv {hg/ e|  @ +s> > u> u> U,1 Ghqrwh wkh fkrlfhv ri djhqw k e|  5
A 3  UA 
 +,/ zkhuh  @ +{ >  >  > g > g > e > t  > p
A
a  , 5 UuA
n  Un  Un
 EA 3
uA n E 3A
A
 Un
 UuA
Un
n  Un lv wkh yhfwru ri doo klv pdunhw ghflvlrqv1 Wkh
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Li zh kdg doorzhg iru gxudeoh jrrgv/ dv lq ^43`/ zh frxog kdyh dyrlghg erwk ri wkhvh sureohpv1
Lq wkdw fdvh wkh shulrgv frxog eh uhjdughg dv duelwudulo| forvh wrjhwkhu dqg wkh rughu ri pdunhw
wudqvdfwlrqv lqvlgh d shulrg zrxog ehfrph luuhohydqw1 Li pdunhw k suhfhghg pdunhw q lqvlgh hdfk
shulrg/ dq djhqw frxog dozd|v wudgh rq pdunhw q lq shulrg | dqg wkhq zdlw d qdqrvhfrqg wr wudgh lq
pdunhw k lq shulrg | n  li wkdw lv wkh rughu kh suhihuuhg1
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Wkh shulrg ehjlqv zlwk k vlpxowdqhrxvo| ex|lqj dqg vhoolqj vkruw erqgv1 Frq0
glwlrq +w4, vd|v wkdw k fdq rqo| vshqg prqh| rq vkruw whup erqgv +l1h1/ ghsrvlw,
wkdw kh douhdg| kdv/ lqyhqwrulhg iurp suhylrxv shulrgv ru qhzo| hqgrzhg1 Qh{w k
pxvw sd| r klv suhylrxv orqj erqg ghewv/ dqg vlpxowdqhrxvo| uhfhlyh sd|phqwv rq
orqj erqgv kh krogv1 Qrwh wkdw wkhvh frqglwlrqv krog iru doo  5 F/ vr wkdw k pljkw
eh kroglqj erqgv lq pdq| glhuhqw frxqwulhv1 Frqglwlrq +w5, vd|v wkhvh sd|phqwv
pxvw frph rxw ri prqh| rq kdqg/ lqfoxglqj wkh prqh| eruurzhg lq vwhs 41 Lq vwhs
6/ k vshqgv fxuuhqf|  ex|lqj rwkhu fxuuhqflhv 1 Frqglwlrq +w6, vd|v wkhvh h{shq0
glwxuhv pxvw frph rxw ri prqh| rq kdqg/ lqfoxglqj wkh uhfhlswv iurp erqgv lq vwhs
51
Lq vwhs 7 k ex|v dqg vhoov orqj erqgv1 Frqglwlrq +w7, vd|v wkdw kh fdqqrw vshqg
pruh 0prqh| wkdq kh kdv/ lqfoxglqj klv 0fxuuhqf| sxufkdvhv lq vwhs 61 Lq vwhs 8 k
ex|v dqg vhoov jrrgv rxw ri prqh| rq kdqg/ lqfoxglqj wkh uhfhlswv iurp erqgv vrog lq
vwhs 71 Uhfdoo wkdw k fdq vhoo erqgv rqo| lq klv krph frxqwu|/ dqg wkdw k sd|v d wdul
lq 0prqh| rq iruhljq sxufkdvhv1 Frqglwlrq +w8 , vd|v wkdw k fdqqrw vhoo jrrgv kh
grhv qrw kdyh1 Djhqw k wkhq frqvxphv wkh jrrgv kh kdv +w8 ,1
Lq vwhs 9 k uhfhlyhv wudqvihuv iurp wkh jryhuqphqw iurp prqh| udlvhg e| wdulv1
Lq vwhs : k gholyhuv rq klv vkruw whup erqg surplvhv/ dqg vlpxowdqhrxvo| uhfhlyhv
gholyhulhv rq klv kroglqjv ri vkruw erqgv1 Frqglwlrq +w9, vd|v wkh gholyhulhv e| k
frph rxw ri prqh| rq kdqg/ lqfoxglqj wkdw dftxluhg e| frpprglw| vdohv lq vwhs 8
dqg jryhuqphqw wudqvihuv lq vwhs 91 Frqglwlrq +w:, vd|v wkdw wkh prqh| fduulhg ryhu
wr wkh qh{w shulrg pxvw eh wkh prqh| rq kdqg/ lqfoxglqj uhfhlswv iurp gholyhulhv lq
vwhs :1
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Lqwhuqdwlrqdo Prqhwdu| Htxloleulxp

Zh vd| wkdw43 +> +  ,MM , lv dq lqwhuqdwlrqdo prqhwdu| htxloleulxp +dqg
ghqrwh lw LPH, iru wkh zruog hfrqrp| H @ ++x > h > p ,MM > P  >  > *k| >
z| , MckMc|MAcMuk cMM k , l=
43

Uhfdoo wkdw/ e| dvvxpswlrq R/ Z duh glhuhqw iurp 3 dqg " lq hdfk frpsrqhqw1
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Frqglwlrq +l, vd|v wkdw doo frpprglw| pdunhwv fohdu/ ru htxlydohqwo|/ wkdw sulfh h{shf0
wdwlrqv duh fruuhfw/ +ll, vd|v wkdw doo fxuuhqf| h{fkdqjh pdunhwv fohdu/ ru htxlydohqwo|/
wkdw fxuuhqf| h{fkdqjh iruhfdvwv duh fruuhfw/ +lll, vd|v wkdw doo vkruw0whup fuhglw pdu0
nhwv fohdu/ ru htxlydohqwo|/ wkdw suhglfwlrqv ri vkruw0whup lqwhuhvw udwhv duh fruuhfw/
+ly, vd|v wkdw doo orqj0whup fuhglw pdunhwv fohdu/ ru htxlydohqwo|/ wkdw suhglfwlrqv ri
orqj0whup lqwhuhvw udwhv duh fruuhfw/ +y, vd|v wdul uhyhqxh iruhfdvwv duh udwlrqdo/ dqg
+yl, vd|v wkdw doo djhqwv rswlpl}h1
Li dq LPH h{lvwv/ dw prqh| kdv srvlwlyh ydoxh lq d qlwh krul}rq hfrqrp| +iru dq
h{whqvlyh glvfxvvlrq rq wklv vhh ^<`/ ^43`,1 Jryhuqphqw dfwlrqv duh h{rjhqrxvo| {hg
dqg duh qrw ghgxfhg iurp rswlpl}lqj ehkdylru1

8

Prqh| Ghpdqg/ Lqwhuhvw Udwhv/ dqg
wkh Txdqwlw| Wkhru|

Dw hdfk phhwlqj ri wkh pdunhw/ prqh| lv h{fkdqjhg iru dqrwkhu lqvwuxphqw/ zklfk fdq
eh hlwkhu frpprglwlhv ru erqgv ru iruhljq h{fkdqjh1 Lw lv fxvwrpdu| wr uhjdug vxfk
pdunhw h{fkdqjhv dv wkh lqwhudfwlrq ri ghpdqg dqg vxsso| iru wkh rwkhu lqvwuxphqw1
Exw orjlfdoo| vshdnlqj/ rqh pljkw mxvw dv zhoo vshdn ri hdfk ri wkhvh h{fkdqjhv dv
wkh lqwhudfwlrq ri ghpdqg dqg vxsso| iru prqh|1 Wkh sulfh ri prqh| dw d prphqw
lq wlph ghshqgv rq wkh lqvwuxphqw djdlqvw zklfk lw wudghv dw wkdw prphqw/ dv grhv
wkh uhdvrq iru wkh ghpdqg1 Zkhq wkh rwkhu lqvwuxphqw lv d frpprglw|/ wkh sulfh ri
prqh| lv wkh lqyhuvh ri frpprglw| sulfhv1 Zkhq lw lv d vkruw0whup erqg/ wkh sulfh
ri prqh| lv wkh vkruw0whup lqwhuhvw udwh +4 . u,/ dqg vr rq1
Prqh| glhuv iurp rwkhu lqvwuxphqwv lq wkdw lw lv qhyhu zdqwhg lq dqg ri lwvhoi/
exw rqo| vr wkdw lw fdq eh h{fkdqjhg odwhu iru dqrwkhu lqvwuxphqw/ ru wr sd| edfn
d ghew1 Wkh ghpdqg iru prqh| wkxv dozd|v ghshqgv rq wkh qhhg iru wudqvdfwlrqv1
Zkhq wkhvh wudqvdfwlrqv duh d orqj zd| r/ zh fdq vshdn ri wkh vwruh ri ydoxh ghpdqg
iru prqh|1 Lq d prgho zlwk xqfhuwdlqw|/ vxfk dv lq ^43`/ zh frxog vshdn ri vshfxodwlyh
dqg suhfdxwlrqdu| ghpdqgv iru prqh|1
Zkhq wkh vkruw0whup erqgv duh vrog iru prqh|/ zh vshdn ri wkh wudqvdfwlrqv
ghpdqg iru prqh|1 Wkh kljkhu wkh lqwhuhvw udwh/ wkh ihzhu wudqvdfwlrqv zloo eh
4;

ghvluhg/ dqg wkh ohvv zloo eh wkh ghpdqg iru prqh|1 Wkh kljkhu wkh qrplqdo ydoxh ri
sxufkdvhv ghvluhg +dqg suhvxpdeo| wkh kljkhu wkh prqh| ydoxh ri vdohv ghvluhg,/ wkh
juhdwhu zloo eh wkh ghpdqg iru prqh|/ jlyhq wkh vdph lqwhuhvw udwh1 Zkhq orqj0whup
erqgv duh vrog iru prqh|/ wkh ghvluh iru prqh| lv riwhq d ghvluh wr wudqvihu zhdowk
iurp wkh ixwxuh wr wkh suhvhqw1 Lq wklv fdvh wkh ghpdqg iru prqh| zloo ghshqg rq
wkh glhuhqfh ehwzhhq wkh orqj0whup qrplqdo udwh dqg wkh udwh ri lq dwlrq/ wkdw lv
rq wkh uhdo udwh ri lqwhuhvw1 Ilqdoo|/ wkh vdoh ri frpprglwlhv dw gdwh w/ eh|rqg zkdw
lv qhfhvvdu| wr uhsd| ghewv dw wkh hqg ri gdwh w/ lv prwlydwhg e| d zlvk wr wudqvihu
zhdowk iruzdug1 Wkdw vrxufh ri ghpdqg iru prqh| lv dgyhuvho| dhfwhg e| kljkhu
lq dwlrq1
Wkxv zh vhh wkdw wkh vwdqgdug Klfnvldq LV2OP ghwhuplqdqwv ri prqh| ghpdqg/
qdpho| lqwhuhvw udwhv dqg lqfrph/ duh dw zrun lq rxu prgho1 Qhyhuwkhohvv/ lw lv dovr
hdv| wr vhh wkdw zlwk rxu vlpsoh vshflfdwlrq ri dq hfrqrp| +zlwkrxw dvvhwv h{fhsw
iru prqh| dqg rqh0shulrg erqgv,/ li doo wkh 0prqh| lqwhuhvw udwhv duh srvlwlyh/ wkhq
doo wkh 0prqh| zloo eh vshqw lq hdfk shulrg lq wkh 0frpprglw| pdunhwv1 Dq djhqw
+iurp dq| frxqwu| , zkr kdv 0fdvk wkdw kh grhv qrw zlvk wr vshqg zloo qrw krog lw
lgoh/ exw zloo ohqg lw rxw wr vrpherg| zkr zloo vshqg lw1
Txdqwlw| Wkhru| ri Prqh| Sursrvlwlrq1 Lq LPH/ li u|k A 3/ wkhq wkh djjuhjdwh
lqfrph
ri frxqwu|  dw gdwh w/ qdpho| wkh ydoxh ri doo grphvwlf frpprglw| vdohv
S
S
k
k
MM k Muk s| t| soxv wdul uhyhqxh dw gdwh w/ U| / lv htxdo wr wkh wrwdo vwrfn ri
k
k

edqn prqh| P| . P| dqg uhpdlqlqj sulydwh prqh|1
Surri1 Li u|k A 3/ wkhq djhqwv +zkhwkhu  qdwlrqdov ru qrw, zkr krog 0prqh| mxvw
ehiruh wkh orqj ordq pdunhw phhwv dw gdwh w zloo ghsrvlw +l1h1/ ordq, wkh prqh| dqg
hduq wkh lqwhuhvw li wkh| gr qrw sodq rq vshqglqj lw1 Wkh eruurzhuv zloo vshqg wkh
prqh|/ ru hovh wkh| vkrxog kdyh zdlwhg dqg eruurzhg odwhu1 Ilqdoo|/ vlqfh wkhuh duh
qr rwkhu dvvhwv/ doo wkh 0prqh| ehlqj vshqw pxvw eh iru 0frpprglwlhv/ ru rq wkh
wdulv iru qrq 0jrrgv sxufkdvhg e| 0qdwlrqdov1

Lw iroorzv iurp wkh iruhjrlqj wkdw li doo lqwhuhvw udwhv duh srvlwlyh/ wkhq lq htxlole0
ulxp wkh txdqwlw| wkhru| ri prqh| pxvw krog/ zlwk yhorflw| ri prqh| {hg dw rqh1
Dw dq| prphqw wkh vwrfn ri prqh| zloo eh htxdo wr wkh ydoxh ri qrplqdo lqfrph/ dv
zh kdyh ghqhg lw1 Jlyhq wkh ohyho ri uhdo hfrqrplf dfwlylw|/ sulfh ohyhov zloo pryh
lq wkh vdph gluhfwlrq dv wkh vwrfn ri prqh| +dv pruh prqh| fkdvhv wkh vdph jrrgv,1
\hw dv zh kdyh ehhq dw sdlqv wr srlqw rxw/ wklv lv qr fuxgh txdqwlw| wkhru| lq zklfk
wkh ghpdqg iru prqh| lv lqghshqghqw ri lqwhuhvw udwhv> txlwh wkh rssrvlwh lv wkh fdvh1
Iru h{dpsoh/ wkh uhdo yhorflw| ri prqh|/ wkdw lv krz pdq| uhdo wudqvdfwlrqv fdq
eh pryhg e| prqh| shu xqlw wlph/ lv hqgrjhqrxv1 Zh dovr kdvwhq wr dgg wkdw lq
ulfkhu yhuvlrqv ri wkh prgho/ lq zklfk wkhuh duh rwkhu gxudeoh dvvhwv dqg shukdsv
wudqvdfwlrqv frvwv iurp ghsrvlwlqj dqg zlwkgudzlqj prqh| iurp wkh edqn/ prqh|
pljkw eh khog zlwkrxw ehlqj vshqw/ ghshqglqj rq lqwhuhvw udwhv dqg lqfrph/ ru hovh
vshqw rq dvvhwv +zklfk zrxog qrw frxqw dv djjuhjdwh lqfrph,1
Lq htxloleulxp wkh txdqwlw| ri hfrqrplf dfwlylw|/ e| zklfk zh phdq wkh txdqwlw|
ri uhdo jrrgv wudghg lq d shulrg/ lv hqgrjhqrxv1 E| frqwudvw/ lq wkh prgho ri Oxfdv
4<

dqg klv iroorzhuv +^58`/ ^59`/ ^4<`,/ wkh dprxqw ri uhdo hfrqrplf dfwlylw| lv h{rjhqrxvo|
vshflhg e| wkh uhtxluhphqw wkdw hdfk djhqw vhoo wkh zkroh ri klv hqgrzphqw lq hdfk
shulrg1 D fruroodu| ri wkh txdqwlw| wkhru| ri prqh| lq rxu prgho lv wkdw/ doo rwkhu
wklqjv ehlqj htxdo/ lqfuhdvhv lq wudglqj dfwlylw| lq shulrg w/ gxh shukdsv wr pruh
surgxfwlylw| ru orzhu lqwhuhvw udwhv/ zloo uhvxow lq orzhu shulrg w sulfh ohyhov/ jlyhq
wkh vdph prqh| vxsso| dw gdwh w1
Wkh prqh| lqmhfwhg lqwr wkh hfrqrp| e| wkh jryhuqphqw/ dqg lq prqh| hq0
grzphqwv/ lv h{rjhqrxv lq rxu prgho1 Lq htxloleulxp/ ryhu wkh W 0shulrg krul}rq/
wkh prqh| rzlqj rxw ri wkh v|vwhp lq lqwhuhvw sd|phqwv wr wkh fhqwudo edqn pxvw
htxdo wkh prqh| rzlqj lqwr wkh hfrqrp|1 Rwkhuzlvh djhqwv zrxog ghidxow +zklfk
lv uxohg rxw lq htxloleulxp,/ ru hovh wkh| zrxog eh vwxfn lq wkh odvw shulrg zlwk
zruwkohvv sdshu/ dqg wkh ydoxh ri prqh| zrxog eh }hur +zklfk lv dovr uxohg rxw
lq LPH,1
dw wlphv wS? W wkh vxsso| ri prqh|
lv hqgrjhqrxv1S Ohwwlqj
S Krzhyhu/
S
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zlwk htxdolw| dw w @ W 1
Wkh UKV uhsuhvhqwv wkh prqh| rzlqj lqwr wkh v|vwhp/ dqg wkh OKV uhsuhvhqwv
wkh prqh| rzlqj rxw ri wkh v|vwhp1 Wkh lqwhuhvw udwhv pxvw vdwlvi| d vhtxhqfh ri
lqhtxdolwlhv/ exw rqo| rqh htxdolw|1 Wkhuhiruh/ lq wkh rqh0shulrg fdvh/ wkh lqwhuhvw
udwh fdq eh vshflhg d sulrul/ lqghshqghqw ri wkh uhdo gdwd ri wkh hfrqrp|1 Exw
lq d pxowlshulrg vhwwlqj/ rqh htxdwlrq shu frxqwu| fdqqrw ghwhuplqh doo +5W  4,F
lqwhuhvw udwhv> wkh| ghshqg rq wkh uhdo gdwd ri wkh hfrqrp|/ lqfoxglqj wkdw ri wkh
djhqwv lq iruhljq frxqwulhv1 Wkh h{fhswlrq lv zkhuh doo jryhuqphqw ghflw vshqglqj
lv }hur/ lq zklfk fdvh doo u|k @ u|k @ 3/ iru doo  5 F1
44
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Wkh prqh| vwrfn dw wkh hqg ri gdwh 4  w  W lv jlyhq e| +w,/ wkh glhuhqfh
ehwzhhq wkh UKV dqg OKV ri wklv lqhtxdolw|/ zklfk lv hqgrjhqrxv1 Jlyhq wkh h{rjh0
 |k ;w 5 W / zh
qrxv prqhwdu| lqmhfwlrqv/ dqg dvvxplqj wkdw |k  P|k dqg |k  P
vhh wkdw wkh orzhu wkh lqwhuhvw udwhv/ wkh kljkhu wkh prqh| vxsso|1
Dv zh phqwlrqhg lq wkh lqwurgxfwlrq/ li zh wklqn ri wkh 0jryhuqphqw

fkrrvlqj
wkh p| +l1h1/ prqh| qdqfhg vfdo wudqvihuv,/ rwkhq G|
q
S
S
S
o7 ck >7 ck
o ck > ck
 uhsuhvhqwv wr0
n7
o ck . q M P kq . Muk P| . no ck . MM P
wdo ghflw vshqglqj
S ri 0prqh| lq shulrg w/ lqfoxglqj lqwhuhvw rq wkh ghew/ dqg

iP|3ck u|3ck . q M P|qk  |qk . P|k u|k j uhsuhvhqwv wkh surw wkh fhqwudo edqnv
ohqglqj rshudwlrqv dfklhyh1 Dv ghflw vshqglqj lqfuhdvhv/ lqwhuhvw udwhv pxvw rq dy0
 |k dovr lqfuhdvh +dvvxplqj
hudjh lqfuhdvh xqohvv rshq pdunhw rshudwlrqv P|k dqg P
h{shqglwxuhv rq iruhljq fxuuhqf| duh }hur,1 Li wkhuh duh qr sulydwh prqhwdu| hqgrz0
phqwv/ dqg jryhuqphqw ghflw vshqglqj lv nqrzq wr dozd|v eh }hur/ wkhq doo lqwhuhvw
udwhv pxvw eh }hur/ dv fdq eh vhhq iurp B+W,1 Wklv lv wkh h{wuhph fdvh zkhuh lqwhuhvw
udwhv duh qrw hqgrjhqrxv1 Zh vwdwh d yhuvlrq ri wklv iru xvh lq wkh qh{w vhfwlrq=
3

3

3

3

3
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Fruroodu|1 Dw dq| LPH/ iru doo w 5 W dqg  5 F/
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Li wkh jryhuqphqw wulhv wr vshqg wrr pxfk prqh| zlwkrxw sulqwlqj hqrxjk edqn
prqh|/ lw zloo eulqj wudgh wr d frpsohwh kdow/ dv rxu h{lvwhqfh surri pdnhv fohdu1

9

Wkh H{lvwhqfh ri Htxloleulxp= Jdlqv wr Wudgh

Djhqwv lq rxu prgho duh qrw uhtxluhg wr wudgh1 Wkh| dozd|v kdyh wkh rswlrq ri vlpso|
frqvxplqj wkhlu hqgrzphqw1 Wkhuhiruh wkhuh lv qr jxdudqwhh wkdw djhqwv zloo qhhg
prqh|/ dqg wkhuhiruh qr jxdudqwhh wkdw wkh fuhglw ru iruhljq h{fkdqjh pdunhwv zloo
eh dfwlyh/ ru lqghhg wkdw prqh| zloo kdyh srvlwlyh ydoxh1
Oxfdv flufxpyhqwv wklv sureohp e| iruflqj hdfk djhqw wr sxw xs klv hqwluh hqgrz0
phqw iru vdoh djdlqvw prqh| lq hdfk shulrg/ hyhq li kh klpvhoi zdqwv wr frqvxph lw1
Djhqwv qhhg prqh| e| dvvxpswlrq/ vlqfh wkh| fdqqrw hyhq hdw wkhlu rzq hqgrzphqwv
zlwkrxw lw1
Zkhq vrph sulydwh hqgrzphqwv ri prqh| duh srvlwlyh +dqg wkh fhqwudo edqnv duh
qrw dfwlqj rq wkh iruhljq h{fkdqjh pdunhwv,/ Sursrvlwlrq 4 vkrzv wkdw lq htxloleulxp
vrph lqwhuhvw udwhv pxvw eh srvlwlyh1 Rwkhuzlvh djhqwv zrxog eh ohiw dw wkh hqg
ri shulrg W kroglqj zruwkohvv sdshu prqh|/ dqg wkhq e| udwlrqdo h{shfwdwlrqv dqg
edfnzdug lqgxfwlrq/ prqh| zrxog kdyh }hur ydoxh1 Zkhq lqwhuhvw udwhv duh srvlwlyh/
wkh djhqwv pljkw eh zloolqj wr jlyh xs jrrgv hyhq lq shulrg W lq rughu wr rewdlq wkh
fdvk qhhghg wr uhsd| wkh ordqv wkh| yroxqwdulo| wrrn zlwk wkh edqnv1
Krzhyhu/ zkhq lqwhuhvw udwhv duh srvlwlyh/ djhqwv pd| qrw eh zloolqj wr eruurz
iurp wkh edqn1 E| eruurzlqj '4 iurp wkh edqn/ dq djhqw fdq ex| '4 zruwk ri
frpprglwlhv1 Exw vxevhtxhqwo| kh pxvw vhoo '+4 . u, A '4 zruwk ri frpprglwlhv lq
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rughu wr uhsd| wkh ordq1 Wkh djhqw zloo rqo| djuhh wr vxfk d ghdo li kh lv vx!flhqwo|
dq{lrxv wr wudgh1
Zh duh wkxv ohg wr pdnh d fuxfldo dvvxpswlrq wkdw wkhuh duh vx!flhqw jdlqv wr
wudgh dydlodeoh wr wkh djhqwv/ wr mxvwli| wkhlu jlylqj xs lqwhuhvw sd|phqwv1 Wkh iru0
pdo ghvfulswlrq ri wkh qhfhvvdu| jdlqv wr wudgh wxuqv rxw wr eh vxusulvlqjo| vlpsoh
wr vwdwh1 Ehiruh wxuqlqj wr wkh ghvfulswlrq/ ohw xv qrwh wkdw e| gursslqj wkh duwl0
fldo dvvxpswlrq wkdw djhqwv pxvw vhoo hyhu|wklqj/ zh uhtxluh khwhurjhqhlw| ehwzhhq
djhqwv vr wkdw wkh| zloo zdqw wr wudgh1 Wkh vlpsohvw khwhurjhqhlw| lv lqwudshulrg
khwhurjhqhlw| lq hqgrzphqwv/ vr zh dovr uhtxluh dw ohdvw wzr jrrgv shu frxqwu|1 Rxu
dssurdfk wkxv vwdqgv lq vkdus frqwudvw wr Oxfdv/ zkr srvwxodwhg lghqwlfdo frqvxphuv
dqg rqo| rqh jrrg shu frxqwu|1
S
Ohw { 5 UAnu iru hdfk k 5 M  K/ dqg ohw { @  Ma { 1 Gheuhx vxjjhvwhg wkdw
wkh doorfdwlrq +{ ,Ma lv qrw 0Sduhwr h!flhqw iru wkh djhqwv lq M li lw lv srvvleoh wr
frvwohvvo| uhdoorfdwh wkh frpprglw| exqgoh +4  ,{ dprqj wkrvh djhqwv dqg pdnh
wkhp doo ehwwhu r wkdq wkh| zhuh dw +{ ,Ma 1 Iroorzlqj Gxeh|Jhdqdnrsorv ^<`/ zh
vxjjhvw d glhuhqw ghqlwlrq1 Zh vd| wkdw wkh doorfdwlrq +{ ,Ma doorzv iru dw ohdvw
0jdlqv wr wudgh li vwduwlqj iurp wkdw doorfdwlrq/ lw lv srvvleoh wr pdnh hyhu|erg| lq
M ehwwhu r e| wudqvihuulqj frpprglwlhv/ hyhq wkrxjk d iudfwlrq  ri hyhu| wudqvihu
lv orvw1 Gheuhx wkuhz rxw d iudfwlrq @+4 . , ri wkh ruljlqdo exqgoh/ exw doorzhg iru
frvwohvv wudqvihuv1 Zh nhhs wkh zkroh ri wkh ruljlqdo exqgoh/ exw wkurz rxw d iudfwlrq
@+4., ri hyhu| wudqvihu1 Ehorz zh jlyh d irupdo ghqlwlrq/ uhvwulfwlqj wkh wudqvihuv
wr d sduwlfxodu shulrg w1
Ghqlwlrq1 Iru dq|   3/ zh zloo vd| wkdw +{ ,Ma shuplwv dw ohdvw 0jdlqv wr wudgh
lq shulrg w li wkhuh
ihdvleoh qhw wudghv +  ,Ma +l1h1/   5 Uu / { .   5 Uu
n iru
S h{lvw

doo k 5 M/ dqg Ma  @ 3, vxfk wkdw/
{ , A x +{ , iru doo k 5 M zkhuh/
x +
 
{D li  5 W qiwj
{
D @
{D . plqi  >   @+4 . ,j iru c 5 O dqg  @ w =
D @ { .   li    31 Irupdoo|/
Qrwh wkdw zkhq  A 3/ {
| ? {| .   li   A 3 dqg {
wkh frqglwlrq zh lpsrvh rq wkh zruog hfrqrp| iru vx!flhqw jdlqv wr wudgh lv=
,
+J wr W, Iru hdfk  5 F/ wkh lqlwldo hqgrzphqw +hS
MM k shuplwvSdw ohdvw  k| 0
A
 3ck . q M P kq .
jdlqv wr wudgh lq dw ohdvw rqh shulrg w 5 W / zkhuh  |k @
'f i
S
S

Muk P  .  3ck . MM p j@P|k 1

Frqglwlrq +J wr W, qhhgv wr eh ydolg lq mxvw rqh shulrg lq hdfk frxqwu|> lw lv
qrw qhfhvvdu| iru wkh rwkhu shulrgv1 Dovr/ +J wr W, suhfoxghv wkh fdvh zkhuh O @ 41
Pruhryhu/ li wkh lqlwldo hqgrzphqw dw rqh shulrg w lv qrw Sduhwr rswlpdo +{lqj
{ @ h iru  9@ w,/ wkhq/ kroglqj doo rwkhu jryhuqphqw dfwlrqv {hg/ dv P|k $ 4/ +J
wr W, lv dxwrpdwlfdoo| vdwlvhg1 Wkh iroorzlqj wkhruhp lv suryhg lq wkh Dsshqgl{1
Wkhruhp1 Li lq wkh zruog hfrqrp| H @ ++x > h > p ,MM >
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+Pk| > k| > *k| > z| ,kMc|MAcMuk cMM k +4, +Jdlqv wr Wudgh, krogv/ +5, P|k A 3 iru doo
w 5 W dqg  5 F/ dqg +6, iru doo  5 F wkhuh lv vrph k 5 Kk dqg w 5 W zlwk p| A 3/
wkhq dq lqwhuqdwlrqdo prqhwdu| htxloleulxp h{lvwv1

914

K|shulq dwlrq

Wkh surri ri wkh wkhruhp dovr lqglfdwhv wkdw wkh jdlqv wr wudgh qhfhvvdu| iru wkh h{lv0
whqfh ri htxloleulxp jhw duelwudulo| odujh dv wkh udwlr ri jryhuqphqw ghflwv +lqfoxglqj
sulydwh prqh|, wr rshq pdunhw sxufkdvhv jrhv wr lqqlw|1 Lq idfw/ dv wkh ghflwv ulvh/
hyhqwxdoo| sulfhv pxvw ulvh/ frqyhujlqj udslgo| wr lqqlw| dv wkh ghflwv uhdfk wkh
qlwh olplw eh|rqg zklfk htxloleulxp fdqqrw eh vxvwdlqhg1

:

Lqwhuqdwlrqdo Prqhwdu| Htxloleulxp +LPH, dqg
Frpshwlwlyh Htxloleulxp +FH,

Zh vd| wkdw +s> +{ ,MM , zkhuh s 5 UAnu lv dq lqwhuqdwlrqdo frpshwlwlyh htxloleulxp
+dqg ghqrwh lw FH, iru wkh zruog hfrqrp| H @ ++x > h ,MM , l=
S
S


+l,
MM {| @ MM h| / iru doo w 5 W / c 5 O>
+ll, { @ dujpd{i{ 5 UAnu / s{ @ sh / {| @ 3 li c 5 Gk dqg k 5
@ K k j iru doo
k 5 K1
Wkh FH ljqruhv doo prqhwdu| skhqrphqd erwk grphvwlf dv zhoo dv lqwhuqdwlrqdo/
dqg wkhuhiruh froodsvhv wr d vwdqgdug lqwhuqdwlrqdo wudgh prgho1 Qhlwkhu prqh|
pdunhwv qru fxuuhqf| h{fkdqjh pdunhwv h{lvw/ vlqfh doo wudqvdfwlrqv wdnh sodfh yld
dq lqwhuqdwlrqdo fohdulqj krxvh zklfk pdwfkhv uhfhlswv iurp vdohv dqg sd|phqwv iru
sxufkdvhv1 Wkhq rqh fdq lpphgldwho| vhh iurp wkh ghqlwlrq ri LPH=
a k / >  5 F/
Sursrvlwlrq 5= Ohw P|qk @ P| @ *k| @ z| @ 3 iru doo w 5 W / c 5 O
k
 |k iru doo w 5 W dqg  5 F1 Vxssrvh
k 5 KS1 Ohw |k ? P|k dqg |k ? P
S

sulfhv +qrupdol}hg
MM |MA p| @ 31 Wkhq LPH dqg FH frlqflgh zlwk uhvshfw
S wr S
e| h{fkdqjh udwhv, dqg doorfdwlrqv1 Ixuwkhupruh/ hyhq li MM |MA p| A 3 wkhq
 |k $ 4 iru doo  5 F/ w 5 W / LPH frlqflgh zlwk FH lq wkh olplw1
dv P|k dqg P
Sursrvlwlrq 5 iroorzv iurp wkh uvw lqhtxdolw| lq Sursrvlwlrq 4 zklfk vkrzv wkdw zkhq
hlwkhu sulydwh prqhwdu| hqgrzphqwv duh }hur ru prqh| vxssolhv ehfrph vx!flhqwo|
odujh wkhq lqwhuhvw udwhv duh gulyhq wr }hur1

;

Wkh Qrq0Qhxwudolw| ri Prqh|

Zh vdz lq wkh odvw vhfwlrq wkdw zkhq jryhuqphqwv duh qrw vshqglqj prqh| dqg sulydwh
vwrfnv ri prqh| duh yhu| vpdoo +ru }hur, uhodwlyh wr edqn prqh|/ LPH lv yhu| forvh
wr FH1 Lq wklv vhfwlrq zh vkrz wkdw dv orqj dv vrph sulydwh hqgrzphqw ri prqh| lv
srvlwlyh/ dqg LPH lv glhuhqw iurp FH/ jryhuqphqw prqhwdu| srolf| +rshq pdunhw
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rshudwlrqv/ l1h1/ fkdqjlqj wkh vwrfn ri edqn prqh|, qhfhvvdulo| kdv uhdo hhfwv rq
frqvxpswlrq1 Vlploduo|/ jryhuqphqw wudqvihuv ri prqh| wr djhqwv/ qr pdwwhu krz lw
lv glvwulexwhg dfurvv wkh srsxodwlrq/ dovr qhfhvvdulo| kdv uhdo hhfwv1
Wkhvh qrq0qhxwudolw| frqfoxvlrqv duh frqwudu| wr wkrvh ghulyhg e| Oxfdv1 Wkh
h{sodqdwlrq lv wkdw lq rxu prgho/ LPH lv qrw Sduhwr h!flhqw ehfdxvh ri wkh glvwruwlrq
fdxvhg e| wudglqj yld prqh| eruurzhg dw srvlwlyh lqwhuhvw udwhv1 Zkhq wkh jryhuq0
phqw hdvhv fuhglw +e| sxwwlqj pruh prqh| xs dw wkh edqnv, lw idflolwdwhv eruurzlqj/
uhgxfhv lqwhuhvw udwhv/ dqg lqfuhdvhv uhdo dfwlylw|1
Frqvlghu
hfrqrp| H @ ++x > h > p ,MM > +P  >  > * > z , McMM ,
S wkh zruog

lq zklfk MM p| A 3 iru doo w 5 W 1 Zh vkrz hovhzkhuh wkdw LPH duh w|slfdoo| qlwh1
Wkhuhiruh/ sulfhv/ h{fkdqjh udwhv dqg lqwhuhvw udwhv duh doprvw dozd|v ghwhuplqdwh
zlwk uhvshfw wr wkh gdwd ri wkh zruog hfrqrp|1 Wklv doorzv xv wr ghwhuplqh wkh
lpsdfw ri prqhwdu| fkdqjhv1 Ohw
 

> P|k > |k > |k > P|kq
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eh wkh qdqfldo gdwd ri wkh hfrqrp|1 Wkh qr0prqh| looxvlrq surshuw| hdvlo| iroorzv=
Sursrvlwlrq 61 D sursruwlrqdo lqfuhdvh ri doo +p ,MM  dqg +P  >  > * , iru dq|
{hg  5 F grhv qrw dhfw frqvxpswlrq lq LPH/ dvvxplqj jryhuqphqwv  9@  duh
qrw dfwlqj lq 0pdunhwv1
Wklv sursrvlwlrq vd|v wkdw li zh fkdqjh wkh xqlwv ri dffrxqw lq d sursruwlrqdo pdq0
qhu lq d frxqwu| wkhq qrwklqj zloo fkdqjh h{fhsw wkh sulfh ohyhov/ fxuuhqf| h{fkdqjh
udwhv/ dqg wdul uhyhqxhv zklfk zloo devrue wkh fkdqjh lq xqlwv1 Iru h{dpsoh/ li wkh
X1V1D1 vzlwfkhv iurp grooduv wr fhqwv zkloh Hqjodqg vwlfnv wr srxqgv dqg Jhupdq|
vwlfnv wr G1P1*v wkhq Dphulfdq sulfhv dqg groodu h{fkdqjh udwhv dorqh zloo fkdqjh1
Prqhwdu| srolf| xvxdoo| fkdqjhv wkh udwlr ri edqn prqh| wr sulydwh hqgrzphqwv
ri prqh|1 Lq rxu prgho zh lqwhusuhw prqhwdu| srolf| dv d fkdqjh lq wkh edqn prqh|

  1 D fkdqjh lq wkh p| lv fdoohg d prqh|0qdqfhg vfdo wudqvihu1 Wkhvh
ru P
P|k
|k
srolf| lqvwuxphqwv w|slfdoo| kdyh uhdo hhfwv ehfdxvh wkh| fkdqjh qrplqdo lqwhuhvw
udwhv1 Dv zh h{sodlqhg lq wkh lqwurgxfwlrq/ kljkhu qrplqdo vkruw udwhv u|k uhgxfh wkh
h!flhqf| ri lqwudshulrg wudgh/ dqg kljkhu qrplqdo orqj udwhv u|k uhgxfh wkh h!flhqf|
ri lqwhushulrg wudgh1 Wkh iroorzlqj sursrvlwlrq ghprqvwudwhv wkh qrq0qhxwudolw| ri
srolf| lq d fdvh zklfk lv hdv| wr dqdo|}h yld wkh uvw rughu frqglwlrqv ri htxloleulxp1
Lq wkh dssolfdwlrqv vhfwlrqv zh jlyh d urexvw h{dpsoh vdwlvi|lqj doo wkh frqglwlrqv ri
wkh sursrvlwlrq1
Zh fdoo dq LPH lqghfrpsrvdeoh li iru dq| w 5 W dqg dq| sduwlwlrq ri wkh jrrgv
Ok lqwr glvmrlqw vhwv Ok dqg Ok2 wkhuh lv vrph djhqw k 5 K k zkr wudqvdfwv lq dw ohdvw
rqh frpprglw| iurp hdfk vhw lq shulrg w1
Sursrvlwlrq 71 Vxssrvh doo x glhuhqwldeoh/ dqg p| A 3 iru doo k 5 K/ w 5 W 1
Vxssrvh dw dq lqghfrpsrvdeoh LPH ri H wkdw dw hyhu| w/ doo 0djhqwv frqvxph srvlwlyh
dprxqwv ri doo 0jrrgv/ wkdw u|k  u|k / wkdw doo 0djhqwv vshqg pruh 0prqh| dw w
rq frpprglwlhv wkdq wkh| jhw e| vhoolqj iruhljq h{fkdqjh/ wkdw vrph 0djhqw eruurzv
 |k / dqg wkdw vrph 0djhqw fduulhv vrph 0prqh| iurp w lqwr w . 41 Wkhq dq|
rq P
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fkdqjh lq P zklfk ylrodwhv wkh jryhuqphqw exgjhw frqvwudlqw +l1h1/ wkh htxdwlrq ri
Sursrvlwlrq 4, dw {hg +u|k > u|k ,|MA dqg uhvxowv lq d qhz LPH vdwlvi|lqj doo wkh deryh
frqglwlrqv pxvw dovr fdxvh glhuhqw frqvxpswlrq iru vrph djhqw1
Surri1 Xqghu wkh pdlqwdlqhg k|srwkhvhv/ li dw wkh ruljlqdo LPH djhqw k ex|v {|
dqg vhoov {|& / wkhq
Cx +{,
Cx +{,
C{|
C{|&
@
+4 . u|k ,
s|
s|&
Li OKV A UKV/ wkhq wkh djhqw vkrxog vlpso| kdyh eruurzhg %s| rq P|k / erxjkw %
xqlwv ri wc/ vrog +%s| @s|& ,+4 . u|k , ri wn wr ghiud| wkh ordq dqg ehhq ehwwhu r1 Li
OKV ? UKV/ wkh djhqw vkrxog kdyh vshqw %s| ohvv rq jrrg wc/ ghsrvlwhg wkh prqh|
 |k +ru eruurzhg %s| ohvv,/ vrog +%s| @s|& ,+4 . u|k , ohvv ri jrrg wn/ dqg hqghg
rq P
xs ehwwhu r1 Qrwh wkdw wklv odvw rswlrq zdv ihdvleoh/ vlqfh e| k|srwkhvlv wkh djhqw
kdg 0prqh| eh|rqg wkdw rewdlqhg lq wkh h{fkdqjh pdunhw ehiruh wkh phhwlqj ri wkh
frpprglw| pdunhwv1
Diwhu wkh fkdqjh lq Pk / dw ohdvw rqh lqwhuhvw udwh pxvw fkdqjh1 Vxssrvh u|k
ehfrphv kljkhu iru vrph w/ |hw doo djhqwv frqwlqxh wr ex| dqg vhoo wkh vdph dprxqw
ri hdfk frpprglw|1 Vlqfh hyhu| djhqw lv ex|lqj/ dqg qrwklqj fdq eh erxjkw xqohvv
lw lv vrog/ vrph djhqw lv vhoolqj dv zhoo dv ex|lqj1 Iru dq| sdlu ri frpprglwlhv wc
dqg wn wkdw duh erxjkw dqg vrog/ uhvshfwlyho|/ e| wkh vdph djhqw/ zh pxvw kdyh wkdw
s| @s|& idoov1 Exw wc pxvw kdyh d vhoohu/ zkr ex|v dqrwkhu jrrg wq1 Vr s|? @s| pxvw
dovr idoo1 Frqwlqxlqj lq wklv idvklrq/ zh zloo hyhqwxdoo| uhdfk d frpprglw| wd wkdw
zh douhdg| phqwlrqhg/ dqg wkhq zh zrxog kdyh +s|@ @s|K ,+s|K @s|S ,    +s|_ @s|@ , @ 4
idoolqj> d frqwudglfwlrq1
k
 |k
Vxssrvh lqvwhdg wkdw vrph u|k lqfuhdvhv1 Li djhqw k 5 K k lv d eruurzhu rq P
+l1h1/ d vhoohu ri orqj erqgv dw wlph w,/ wkhq iru hdfk sdlu ri jrrgv wc dqg w . 4/ n wkdw
kh ex|v/ zh pxvw kdyh
Cx +{ ,
Cx +{ ,
C{|nc&
C{|
@
+4 . u|k ,=
s|
s|nc&
Khqfh s| @s|nc& pxvw idoo li k pdlqwdlqv klv frqvxpswlrq1 Iurp lqghfrpsrvdelolw|
dqg wkh dujxphqw jlyhq lq wkh odvw sdudjudsk/ li doo frqvxpswlrq dqg u|k dqg u|nck
vwd| wkh vdph/ wkhq doo uhodwlyh sulfhv dw wlph w dqg doo uhodwlyh sulfhv dw wlph w . 4
pxvw vwd| wkh vdph1 Zh frqfoxgh wkdw iru hyhu| sdlu ri frpprglwlhv wc dqg w . 4/ n/
s| @s|nc& pxvw idoo1 Exw iru wkh djhqw k zkr fduulhv prqh| ryhu iurp w wr w . 4/ ohw
wl dqg w . 4> m eh frpprglwlhv kh ex|v1 Li k grhv qrw dowhu klv frqvxpswlrq/ dqg li

u|k vwd|v {hg/ wkhq s| @s|nc pxvw vwd| {hg/ d frqwudglfwlrq1
Vlqfh lqfuhdvhv lq wkh vwrfn ri edqn prqh| +wkdw lv/ h{sdqvlrqdu| rshq pdunhw
rshudwlrqv, xowlpdwho| pryh wkh hfrqrp| forvhu wr d frpshwlwlyh htxloleulxp/ dqg
khqfh forvhu wr Sduhwr h!flhqf|/ rqh txhvwlrq lv zk| grhvq*w wkh jryhuqphqw gudvwl0
fdoo| lqfuhdvh wklv h{sdqvlrqB Zh suhvhqw wkuhh h{sodqdwlrqv1
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Iluvw/ wkhuh lv d srolwlfdo uhdvrq1 H{sdqvlrqdu| rshq pdunhw rshudwlrqv lqfuhdvh
wkh hhfwlyh prqh| vxsso|/ fdxvlqj sulfhv wr ulvh1 +Ulfk, djhqwv zkr rzq prqh|/ ru
prqh| ghqrplqdwhg dvvhwv/ zloo qg wkhlu uhdo zhdowk uhgxfhg1 Vlqfh ulvlqj grphvwlf
sulfhv dovr uhgxfh wkh h{fkdqjh udwh/ doo flwl}hqv zlwk dvvhwv ghqrplqdwhg lq 0prqh|
+ulfk dqg srru, zloo qg wkhlu lqwhuqdwlrqdo uhdo zhdowk uhgxfhg1
Vhfrqg/ wkh jryhuqphqw grhvq*w uhdoo| kdyh wkh iuhhgrp wr lqfuhdvh edqn prqh|
zkloh ohdylqj wkh sulydwh hqgrzphqwv ri prqh| {hg1 Dv zh kdyh vdlg hduolhu/ pxfk
ri wkh sulydwh hqgrzphqw ri prqh| lv gxh wr uhfhlswv iurp jryhuqphqw wudqvihuv vxfk
dv vrfldo vhfxulw|/ shqvlrq sodqv/ dqg zhoiduh/ dqg d juhdw ghdo lv gxh wr jryhuqphqw
h{shqglwxuhv rq vdodulhv iru jryhuqphqw zrunhuv1 Doo ri wkhvh ulvh dv wkh sulfh ohyho
ulvhv1
k suredeo| zrxog pdnh djhqwv wklqn wkdw wkh jryhuqphqw
Wklug/ lqfuhdvlqj P|k
zdv dovr jrlqj wr lqfuhdvh P|knck 1 Li djhqwv wkrxjkw wkh odwwhu lqfuhdvh pljkw eh
eljjhu wkdq wkh iruphu/ wkhq wkh| zrxog dqwlflsdwh dq lq dwlrq/ zklfk zrxog udlvh
wkh orqj udwh u|k / pdnlqj htxloleulxp ohvv h!flhqw1

<

Lqwhuqdwlrqdo Fdslwdo Prelolw| dqg
wkh Edodqfh ri Wudgh

Djhqwv lq rxu prgho fdq h{fkdqjh wkhlu 0prqh| iru 0prqh| lq dq| shulrg1 Wkh|
fdq dovr ghsrvlw iruhljq fxuuhqf| kroglqjv lqwr iruhljq edqnv/ khqfh zh pd| vd|
wkdw wkhuh lv shuihfw fdslwdo prelolw|1 Pxowlsoh wlph shulrgv dqg wkh rssruwxqlw| wr
xqghuwdnh lqwhuqdwlrqdo qdqfldo lqyhvwphqwv pdnhv wkh edodqfh ri wudgh lqwhuhvwlqj1
Zh ghqh wkh edodqfh ri wudgh vxusoxv iru frxqwu|  zlwk uhvshfw wr frxqwu|  lq
shulrg w e|
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Wkh 0edodqfh ri wudgh vxusoxv lv jlyhq e|
[
E+> w, 
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Zlwk rdwlqj h{fkdqjh udwhv vxfk dv zh kdyh/ wkh rqo| zd| wklv qxpehu frxog eh
qrq}hur lv li dq  djhqw h{fkdqjhg 0prqh| iru 0prqh|/ dqg lqvwhdg ri vshqglqj lw
rq frpprglwlhv/ ghsrvlwhg lq d  edqn/ ru ylfh yhuvd1 Lq sduwlfxodu/ zkhq wkhuh lv rqo|
rqh wlph shulrg/ hyhu| frxqwu| pxvw kdyh d }hur edodqfh ri wudgh vxusoxv1 Pxowlsoh
wlph shulrgv pdnh lw srvvleoh iru frxqwulhv wr uxq edodqfh ri sd|phqw ghflwv lq vrph
wlph shulrgv1
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Xqfryhuhg Lqwhuhvw Sdulw|/ Pxowlshulrg Edodqfh
ri Wudgh/ Sxufkdvlqj Srzhu Sdulw|/ dqg wkh
Ilvkhu Hhfw

Lq wklv vhfwlrq zh vkrz wkdw wkh vwdqgdug sursrvlwlrqv ri lqwhuqdwlrqdo qdqfh kdyh
lqwhusuhwdwlrqv lq rxu jhqhudo htxloleulxp prgho1 Rxu uvw sursrvlwlrq lv uhplqlvfhqw
ri wkh fdslwdo prelolw| htxloleulxp frqglwlrqv vwlsxodwhg lq wkh PxqghooIohplqj
prgho1 Lw uholhv rq djhqwv zkr rswlpl}h wkhlu lqyhvwphqwv dfurvv frxqwulhv1 Qrwh wkdw
wkhvh djhqwv zloo qrw vlpso| sxw wkhlu prqh| lq wkh frxqwu| zlwk wkh kljkhvw lqwhuhvw
udwh +dv suhvxphg lq wkh PxqghooIohplqj prgho,/ exw/ dv lv zhoo0nqrzq/ zloo wdnh
lqwr dffrxqw wkh h{shfwhg dssuhfldwlrq ri hdfk fxuuhqf|1 Qrwh dovr wkdw wkh idploldu
irupxod zh ghulyh ghshqgv rq vrph djhqw zkr lv erwk lqyhvwlqj dqg frqvxplqj lq
wkh iruhljq frxqwu|1
Xqfryhuhg Lqwhuhvw Sdulw| Sursrvlwlrq1 Vxssrvh vrph djhqw k lq frxqwu| 
h{fkdqjhv 0prqh| iru 0prqh| lq shulrg w dqg grhv qrw vshqg doo wkh 0prqh| lq
shulrg w1 Vxssrvh ixuwkhu wkdw kh grhv qrw vshqg doo wkh 0prqh| kh kdv rq kdqg
zkhq lw lv wlph wr vhqg 0prqh| wr wkh iruhljq h{fkdqjh pdunhw lq shulrgv w dqg
w . 41 Wkhq li zh duh lq LPH/ zh pxvw kdyh wkdw
 |nqk
4 . u|k
@
=
4 . u|q
 |qk
Surri1 Djhqw k fdq wudqvirup d xqlw ri 0prqh| lq shulrg w mxvw ehiruh wkh fxuuhqf|
pdunhwv phhw lqwr  |kq +4 . u|q , xqlwv ri 0prqh|/ ru lqwr +4 . u|k , xqlwv ri 0prqh|/
u|q , ? +4.
u|k , |nkq /
mxvw ehiruh wkh fxuuhqf| pdunhwv phhw lq shulrg w.41 Li  |kq +4.
wkh djhqw pdgh d plvwdnh dfwlqj lq wkh fxuuhqf| pdunhwv dqg wkhq qrw vshqglqj doo
klv 0prqh| rq frpprglwlhv lq shulrg w1 Li wkh rssrvlwh lqhtxdolw| krogv/ wkhq wkh
djhqw vkrxog kdyh vhqw dq h{wud xqlw ri 0prqh| lqwr wkh fxuuhqf| pdunhw lq shulrg w
dqg lqyhvwhg wkh uhvxowlqj 0prqh| lq wkh shulrg w 0orqj ordq dqg wkhq wudqviruphg
wkh uhvxowlqj 0prqh| edfn lqwr 0prqh| lq shulrg w/ uhsodfhg wkh shulrg w 0prqh|
e| eruurzlqj rq wkh shulrg w  orqj ordq/ uhsdlg wkh ordq rxw ri wkh fdvk kh kdv rq
kdqg mxvw ehiruh wkh shulrg w . 4 fxuuhqf| pdunhwv phhw/ dqg kh zrxog kdyh prqh|
wr vsduh1

Wkh sursrvlwlrq whoov xv wkdw li  lv sd|lqj kljkhu lqwhuhvw udwhv wkdq / dqg li
wkhuh duh udwlrqdo djhqwv sduwlflsdwlqj lq erwk  dqg  orqj ordq pdunhwv/ wkhq wkh
fxuuhqf| ri  pxvw eh dssuhfldwlqj zlwk uhvshfw wr 1 Qrwh wkdw li wkhuh lv qr djhqw
zkr lv dfwlyh lq wkh orqj ordq pdunhwv ri erwk frxqwulhv/ wkhq wkh xqfryhuhg lqwhuhvw
sdulw| uhodwlrqvkls zrxog ghshqg rq vkruwhu udwhv dv zhoo dv wkh orqj udwh1 Zh fdq
dovr ghgxfh wkh iroorzlqj sursrvlwlrq1
Pxowlshulrg Edodqfh ri Wudgh Sursrvlwlrq1 Vxssrvh wkdw lq hyhu| shulrg w/ dqg
iru hyhu| sdlu ri frxqwulhv  dqg / wkhuh lv vrph djhqw zkr ehkdyhv dv ghvfulehg lq
wkh suhylrxv wkhruhp/ dqg E+> 4, @ 31 Wkhq zh pxvw kdyh wkdw iru hdfk frxqwu|
5:

/ wkh glvfrxqwhg vxp ri *v edodqfh ri wudgh vxusoxvhv lv }hur=
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Surri1 Vxssrvh wkdw dw wlph w dq djhqw k h{fkdqjhv d xqlw ri klv grphvwlf fxuuhqf|
 iru  |kq ri 0prqh|/ dqg grhv qrw sodq wr vshqg wkh 0prqh| dw wlph w1 Wklv udlvhv
wkh 0glvfrxqwhg edodqfh ri wudgh vxusoxv e| 41 Djhqw k zloo wkhq ghsrvlw wkh prqh|
lq wkh orqj ordq lq  li u|k A 31 +Li u|k @ 3/ lw pdnhv qr glhuhqfh li kh ghsrvlwv wkh
prqh| ru qrw1, Li kh vshqgv wkh 0prqh| dw wlph w . 4/ lw zloo uhgxfh wkh glvfrxqwhg
edodqfh ri wudgh vxusoxv e|
4
^ |kq +4 . u|q ,` |ncqk @ 4 >
+4 . u|k ,
iurp wkh xqfryhuhg lqwhuhvw sdulw| sursrvlwlrq/ dv zdv wr eh vkrzq1 Li djhqw k grhv
qrw vshqg wkh prqh| rq 0frpprglwlhv dw wlph w . 4/ wkhq zh surfhhg e| lqgxfwlrq
+hyhq li djhqw k wudqvirupv wkh prqh| lqwr 0prqh|,/ uhshdwlqj wkh vdph dujxphqw1
Hyhqwxdoo| wkh djhqw pxvw sxufkdvh frpprglwlhv/ ru hovh wudqvirup wkh prqh| edfn
lqwr 0prqh| wr uhsd| d ordq1 Exw wklv odvw vwhs dovr uhgxfhv wkh edodqfh ri wudgh
vxusoxv e| wkh uhtxlvlwh dprxqw1 Dgglqj ryhu wkh qlwh qxpehu ri wudghuv k 5 K k
frqfoxghv wkh surri1

Wklv sursrvlwlrq vkrzv/ dprqj rwkhu wklqjv/ wkdw lw lv lpsrvvleoh wr uxq d edodqfh
ri wudgh ghflw iruhyhu1 +Zh vkrxog qrwh wkdw zh kdyh uholhg rq wkh qlwh krul}rq
qdwxuh ri wkh hfrqrp|1 Lq dq ryhuodsslqj jhqhudwlrqv zruog zlwk dq lqqlwh krul}rq/
wkh vdph surri zrxog qrw qhfhvvdulo| krog1, Lq sduwlfxodu/ dq| srolf| wkdw fdxvhv
d edodqfh ri wudgh ghflw lq wkh vkruw uxq pxvw ohdg wr d fkdqjh lq h{fkdqjh udwhv
ru ixwxuh lqwhuhvw udwhv wkdw lq wxuq fdxvhv d edodqfh ri wudgh vxusoxv lq wkh ixwxuh1
Zh hpskdvl}h wkdw wkh pxowlshulrg edodqfh ri sd|phqwv sursrvlwlrq ghshqgv rq wkh
xqfryhuhg lqwhuhvw sdulw|/ zklfk lq wxuq ghshqgv rq vrph djhqw dfwlqj vlpxowdqhrxvo|
lq glhuhqw orqj ordq pdunhwv1 Lq jhqhudo/ wkhuh zloo eh qr vlpsoh htxdwlrq1
Lq rxu prgho djhqwv zhljk wkh pdujlqdo ehqhw ri grphvwlf dqg iruhljq frqvxps0
wlrq1 Lq wkh PxqghooIohplqj prgho/ ehkdylrudo ixqfwlrqv vxjjhvw wkdw frqvxphuv
fkdqjh wkhlu vshqglqj ghshqglqj rq h{fkdqjh udwh fkdqjhv1 Exw ri frxuvh lw lv wkh
uhdo whupv ri wudgh +l1h1/ orfdo sulfhv fruuhfwhg e| h{fkdqjh udwhv, zklfk vkrxog pr0
wlydwh vshqglqj= wkh pdujlqdo xwlolw| ri d groodu vshqw lq wkh X1V1 vkrxog eh wkh
vdph dv d groodu vshqw lq Jhupdq| +uvw wr jhw pdunv/ wkhq wr jhw Jhupdq jrrgv,1
Wklv htxdwlrq lv rqh ri wkh prvw lpsruwdqw ghwhuplqdqwv lq rxu prgho1 Lw lpsolhv/
iru lqvwdqfh/ wkdw zkhq prqh| vxssolhv lqfuhdvh lq rqh frxqwu|/ fdxvlqj sulfhv wr
lqfuhdvh/ wkh fxuuhqf| ri wkdw frxqwu| zloo w|slfdoo| ghsuhfldwh1 Sxufkdvlqj srzhu
sdulw| kdv qrw iduhg zhoo lq hpslulfdo whvwv1 Exw wkrvh whvwv xvxdoo| fkhfn zkhwkhu
wkh vdph edvnhw ri jrrgv zrxog frvw wkh vdph dprxqw lq wzr frxqwulhv +fruuhfwhg
iru wkh fxuuhqf| h{fkdqjh udwhv,1 Dq Dphulfdq/ krzhyhu/ w|slfdoo| kdv qr lqwhuhvw
lq sxufkdvlqj d edvnhw ri jrrgv lq Jhupdq| htxdo wr wkh edvnhw kh lv frqvxplqj lq
5;

Dphulfd/ vlpso| ehfdxvh kh olyhv lq Dphulfd1 Rq wkh pdujlq/ krzhyhu/ kh zloo fduh0
ixoo| frqvlghu zkhwkhu wr ex| dq lpsruwhg Yronvzdjhq dv rssrvhg wr d grphvwlfdoo|
surgxfhg Fku|vohu1 Wkh lpsolhg htxdolw| ri pdujlqdo xwlolwlhv lv fuxfldo wr xqghu0
vwdqglqj lqwhuqdwlrqdo htxloleulxp> wkh hpslulfdo idloxuh ri sxufkdvlqj srzhu sdulw|
lv qr h{fxvh iru gursslqj wklv ixqgdphqwdo htxdwlrq1
Iru rxu qh{w wzr sursrvlwlrqv/ zklfk iroorz iurp wkh rswlpl}dwlrq frqglwlrqv/ zh
vxssrvh wkdw hdfk djhqw kdv glhuhqwldeoh xwlolw|1
ak/
Sxufkdvlqj Srzhu Sdulw| Sursrvlwlrq1 Ohw *k| @ z| @ 3 iru doo w 5 W / c 5 O
k
k
q
 5 F/ k 5 K 1 Dw dq| LPH/ iru dq| c 5 O / n 5 I / >  5 F/ li vrph k 5 K k
fkrrvhv e| A 3/ e|& A 3/ dqg li djhqw k grhv qrw vshqg doo klv 0prqh| rq kdqg rq
iruhljq fxuuhqf| lq shulrg w/ wkhq
s|  |kq
Cx +{, Cx +{,
@
@
=
C{|
C{|&
s|&
Wkh sxufkdvlqj srzhu sdulw| wkhruhp whoov xv wkdw li dq djhqw lv sxufkdvlqj
d frpprglw| lq Jhupdq| dqg dqrwkhu lq wkh Xqlwhg Vwdwhv wkdw jlyh wkh vdph
pdujlqdo xwlolw|/ wkhq wkh| pxvw kdyh wkh vdph uhdo sulfh1 +Li wkh frpprglwlhv
kdyh wkh vdph qdph/ wklv lv fdoohg wkh odz ri rqh sulfh1, Qrwh/ krzhyhu/ wkdw
kh frxog eh ex|lqj wn dqg vhoolqj wc lq htxloleulxp/ lq zklfk fdvh zh frxog kdyh
^Cx +{,@C{| `@^Cx +{,@C{|& ` @ +s|  |kq @s|& +4 . u|k ,1 Pruhryhu/ wkhuh lv qr uhdvrq
zk| wkh vdph jrrg zklfk lv qrqwudghg lq erwk Jhupdq| dqg wkh Xqlwhg Vwdwhv
vkrxog vdwlvi| wkh sxufkdvlqj srzhu sdulw| frqglwlrq1
Ilvkhu Hhfw Sursrvlwlrq1 Vxssrvh wkdw vrph djhqw k lq frxqwu|  fkrrvhv e| A 3
dqg e|nc& A 3/ zkhuh c dqg n duh lq Ok 1 Vxssrvh ixuwkhu wkdw k kdv 0prqh| ohiw
ryhu wkh prphqw shulrg w orqj ordqv frph gxh lq shulrg w . 41 Wkhq dw LPH zh pxvw
kdyh=
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s|nc&
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=
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C{|nc&
s|
Wdnlqj wkh orjdulwkp ri erwk vlghv dqg lqwhusuhwlqj orrvho|/ wklv vd|v wkdw wkh qrplqdo
udwh ri lqwhuhvw lv htxdo wr wkh uhdo udwh ri lqwhuhvw soxv wkh +h{shfwhg, udwh ri lq dwlrq1
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Dssolfdwlrqv

Zh vkrz qrz wkdw rxu wkhruhwlfdo iudphzrun lv frpsxwdwlrqdoo| wudfwdeoh lq sudfwlfh1
Jlyhq d fkdqjh lq d srolf| sdudphwhu/ ru wkh sk|vlfdo gdwd ri wkh hfrqrp|/ zh fdq
fdofxodwh wkh hhfwv rq doo wkh yduldeohv lq wkh hfrqrp|1 Zh gr qrw qhhg wr uhvruw
wr d vwdwlrqdu| vwdwh/ ru wr d uhsuhvhqwdwlyh djhqw/ ru wr ljqruh vrph ri wkh htxlole0
ulxp frqglwlrqv1 Pruhryhu/ wkh frpsdudwlyh vwdwlfv fdq eh lqwhusuhwhg/ dqg xvxdoo|
suhglfwhg/ rq wkh edvlv ri wkh sulqflsohv wkdw zh ghulyhg wkurxjk rxu sursrvlwlrqv
lq Vhfwlrqv 9 wkurxjk 431 Wkh fdofxodwlrqv kdyh doo ehhq grqh rq d krph frpsxwhu
xvlqj d yhuvlrq ri Qhzwrq*v phwkrg lq Pdwkhpdwlfd1
Zh duh prvw lqwhuhvwhg lq frpsdudwlyh vwdwlfv wkdw lqyroyh wkh lqwhudfwlrq ri wkh
uhdo dqg qdqfldo vhfwruv ri wkh joredo hfrqrp|1 Iru h{dpsoh/ li frxqwu|  udlvhv
5<

wdulv/ zkdw kdsshqv wr wkh ydoxh ri wkh 0fxuuhqf|B Li frxqwu|  ehfrphv pruh
surgxfwlyh/ hlwkhu zlwk uhvshfw wr wudghg ru qrqwudghg jrrgv/ zkdw kdsshqv wr lwv
fxuuhqf|B Li frxqwu|  ghyhorsv d wdvwh iru iruhljq fduv/ zkdw kdsshqv wr lwv fxuuhqf|/
wr wkh edodqfh ri wudghB Grhv lw pdwwhu zkhwkhu wkh fkdqjh lq wdvwh lv h{shfwhg wr
eh shupdqhqw/ ru li lw lv h{shfwhg wkdw grphvwlf fduv zloo hyhqwxdoo| eh uhjdughg zlwk
wkh vdph irqgqhvv dv iruhljq fduvB Zkdw hhfwv gr vfdo dqg prqhwdu| srolf| kdyh
rq wkh hfrqrp|B
Khuhdiwhu/ zh vshfldol}h wkh jhqhudo prgho zh suhvhqwhg hduolhu wr wkh fdvh ri wzr
frxqwulhv/ vd| XV dqg Jhupdq|/ wzr frqvxphuv/ dqg wzr jrrgv iru hdfk/ vd| Mhdqv
dqg Dssohv iru XV @ / dqg fduv +Yronvzdjhqv, dqg Ehhuv iru Jhupdq| @ 1 Zh
vxssrvh Mhdqv dqg Yronvzdjhqv duh lqwhuqdwlrqdoo| wudghg/ zkloh Dssohv dqg Ehhuv
duh rqo| grphvwlfdoo| wudghg1
Frqvlghu d wzr0shulrg prgho zlwk wkh iroorzlqj xwlolwlhv=45
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Wkh hqgrzphqwv ri wkh djhqwv duh jlyhq lq Wdeoh LL1 Wkh sulydwh prqhwdu| hqgrz0
phqwv dqg wkh jryhuqphqw edqn prqlhv duh dovr jlyhq146 Qrwlfh wkdw jryhuqphqw
rshq pdunhw sxufkdvhv duh frqfhqwudwhg rq vkruw0whup fuhglw lqvwuxphqwv +Pf dqg
  lq erwk frxqwulhv l @ > ,1 Wdeoh LL dovr lqglfdwhv wkh
P duh pxfk eljjhu wkdq P
f
lqlwldo LPH1 Qrwlfh wkdw wkh pdujlqdo xwlolwlhv ri d groodu*v zruwk ri frpprglwlhv wkdw
dq djhqw ex|v +zkhwkhu grphvwlf ru lqwhuqdwlrqdo,/ duh wkh vdph +dv wkh sxufkdvlqj
srzhu sdulw| sursrvlwlrq pdlqwdlqv,/ zkloh wkh pdujlqdo xwlolw| ri d groodu*v zruwk ri
d frpprglw| wkdw kh vhoov dw wkh vdph wlph lv orzhu/ vlqfh kh lqfxuv qr lqwhuhvw orvv
lq vhoolqj1 Revhuyh wkdw wkh vkruw udwhv duh orzhu wkdq wkh orqj udwh1 Dq djhqw lv
zloolqj wr sd| d kljkhu lqwhuhvw rq wkh orqj ordq ehfdxvh kh kdv pruh wlph wr uhsd|>
lq sduwlfxodu/ kh fdq sd| rxw ri qh{w shulrg*v prqh| hqgrzphqw/ ru uroh ryhu wkh
ordq dqg vhoo d jrrg lq wkh qdo shulrg wr uhsd| klv ordq1 D srvvleoh h{fhswlrq pd|
rffxu lq wkh lqlwldo shulrg zkhuh wkh djhqw pljkw ghvluh wr hqwhu wkh iruhljq h{fkdqjh
pdunhw dqg/ wkhuhiruh/ frxog qrw zdlw iru wkh orqj0whup pdunhw wr rshq1
45

Qrwh wkdw wkh Dphulfdq djhqwv 4 dqg 5 kdyh xwlolwlhv wkdw ghshqg rq wkh lqwhuqdwlrqdoo| wudghg
jrrgv/ Mhdqv dqg Yronvzdjhqv/ dqg rq wkh grphvwlf Dphulfdq jrrg Dssohv exw qrw rq wkh Jhupdq
grphvwlf jrrg/ Ehhuv1 Vlploduo|/ wkh Jhupdq djhqwv 6 dqg 7 kdyh xwlolwlhv wkdw ghshqg rq doo wkh
jrrgv h{fhsw Dssohv1
46
Wkh xwlolwlhv dqg hqgrzphqwv zhuh fkrvhq pruh ru ohvv dw udqgrp/ dqg wkhq shuwxuehg lq rughu
wr pdnh wkh lqlwldo htxloleulxp sulfhv doo eh 4/ dqg wkh lqwhuhvw udwhv vlpsoh qxpehuv1

63

WDEOH L
h
h2
h

he

Mf

Yf

Df

Ef

M

Y

D

E

pf

p

;

3

3

3

43

3

3

3

3

3

3

3

9

3

3

3

9

3

;28

4628

3

43

3

3

3

9

3

3

628

54253

3

3

<25

3

3

3

9

3

4628

4

4

4

4

4

4

4

3

k
k
Pk
f @ 6928/ Pf @ 428/ P  @ 7728/
q
q
q
Pf @ 7528/ Pf @ 428/ P @ 5;28

Prqh| vxssolhv

Sulfhv
H{fkdqjh udwhv
Lqwhuhvw udwhv
Wudgh edodqfhv
{
{2
{

{e

4

 fkq @ 726

ufk @ 427/ ufk @ 4/
ufq @ 425/ ufq @ 425

 kq @ 4

uk @ 427

uq @ 427
E+>  /3, @ 7

E+>  /3, @ 5

5

7

6

3

5

4

6

3

5

7

6

3

5

4

6

3

825

5

3

825

6

5

3

6

625

3

3

5

6

5

3

6

gfk @ 5

Wkh Dphulfdq orqj udwh lv kljkhu wkdq wkh Jhupdq orqj udwh/ dqg wkh uvw Jhupdq
djhqw lv ghsrvlwlqj lq wkh Dphulfdq edqn1 Wkh kljkhu Dphulfdq lqwhuhvw udwh lv
frpshqvdwhg +dv wkh xqfryhuhg lqwhuhvw udwh sdulw| frqglwlrq dvvxuhv xv lw pxvw eh,
e| wkh h{shfwhg dssuhfldwlrq ri wkh GP1 Qrwlfh dovr wkdw wkh XV lv uxqqlqj d edodqfh
ri wudgh ghflw lq wkh lqlwldo shulrg/ dqg d vxusoxv lq wkh odvw shulrg1 Ilqdoo|/ qrwlfh
wkdw wkh uhdo udwhv ri lqwhuhvw lq wkh XV dqg Jhupdq| duh htxdo wr wkh qrplqdo orqj0
whup lqwhuhvw udwh/ lq wkh uhvshfwlyh frxqwulhv/ dv wkh Ilvkhu uhodwlrq dvvxuhv xv lw
pxvw eh/ jlyhq wkh odfn ri lq dwlrq1
Qrz zh frqvlghu wkh hhfwv ri fkdqjhv lq wkh sdudphwhuv ri wkh prgho1 Wdeoh LL
ghvfulehv wkh gluhfwlrqdo hhfwv rq hqgrjhqrxv yduldeohv ri lqfuhdvlqj ydulrxv sdud0
phwhuv olvwhg lq wkh uvw froxpq1 Wkh uvw urz fruuhvsrqgv wr dq Dphulfdq wdul lq
shulrg 3 rq Jhupdq Yronvzdjhqv1
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Wdulv

Dfurvv wkh zruog/ iurp Vrxwk Dphulfd wr Hdvwhuq Hxursh wr Mdsdq/ hfrqrplf ohdghuv
duh hpeudflqj iuhh pdunhw vwudwhjlhv dqg uhgxflqj wdulv1 Wr vhh wkh hhfw ri vxfk d
uhjlph fkdqjh/ zh vwxg| wkh hhfwv ri d whpsrudu|/ xqlodwhudo wdul lqfuhdvh1 +D wdul
uhgxfwlrq zrxog ri frxuvh surgxfh wkh rssrvlwh hhfwv1, Zh qg wkdw d whpsrudu|/
xqlodwhudo wdul +vwduwlqj iurp d qr0wdul uhjlph, zloo lpsuryh wkh edodqfh ri wudgh
ri d frxqwu|/ dssuhfldwh lwv fxuuhqf|/ udlvh lwv orqj0whup lqwhuhvw udwhv/ uhgxfh wkh
orqj0whup lqwhuhvw udwhv ri wkh wd{hg frxqwu|/ dqg dovr uhgxfh wkh odwwhu*v zhoiduh1
D wdul ohylhg e| wkh Dphulfdq jryhuqphqw lq grooduv rq Dphulfdqv zkr lpsruw
Yronvzdjhqv rxjkw/ iurp wkh uvw sulqflsohv ri hohphqwdu| sduwldo htxloleulxp hfr0
qrplfv/ wr udlvh wkh uhodwlyh sulfh ri Yronvzdjhqv lqfoxvlyh ri wkh wdul/ dqg uhgxfh
wkh uhodwlyh sulfh ri Yronvzdjhqv qhw ri wkh wdul1 Iurp wkh hqwu| ri urz 4 lq Wdeoh LL
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xqghu wkh froxpq SfcT @ fkq zh vhh wkdw wkh wdul grhv lqghhg uhgxfh wkh groodu sulfh
ri Yronvzdjhqv qhw ri wkh wdul/ zkloh dw wkh vdph wlph lw udlvhv wkh groodu sulfh ri
Yronvzdjhqv lqfoxvlyh ri wkh wdul1 Lqghhg/ wkh uhodwlyh sulfhv doo pryh dv zh zrxog
h{shfw1
Wkh prvw lqwhuhvwlqj hhfw ri wkh +whpsrudu|, wdul lv wkdw lw ohdgv wr dq dssuh0
fldwlrq ri wkh Dphulfdq groodu/ dv fdq eh vhhq iurp wkh . xqghu  fkq 1 Lq jhqhudo/
wkh h{dpsoh vxjjhvwv wkdw d frxqwu| wkdw +frqyhuvho|, iroorzv d iuhh pdunhw vwudw0
hj| ri uhgxflqj wdulv zloo vhh lwv fxuuhqf| ghsuhfldwh/ dv kdv lq idfw ehhq wkh fdvh
lq Odwlq Dphulfd dqg Hdvwhuq Hxursh1 Zlwk wkh wdul lqfuhdvh lq rxu h{dpsoh/ ohvv
Yronvzdjhqv duh lpsruwhg/ dqg hdfk eulqjv wkh Jhupdq vhoohu ihzhu Dphulfdq grooduv
+wkh wdul lv froohfwhg e| wkh Dphulfdq jryhuqphqw,/ khqfh ihzhu grooduv duh vshqw
rq Yronvzdjhqv/ dqg wkh groodu dssuhfldwhv1 Wklv dujxphqw kdv qrwklqj wr gr zlwk
hodvwlflwlhv/ dqg khqfh lv lqghshqghqw ri dq| PduvkdooOhuqhu frqglwlrqv1
Wkh vdph dujxphqw vxjjhvwv wkdw wkh Dphulfdq edodqfh ri wudgh zloo lpsuryh lq
wkh uvw shulrg +wkdw lv/ wkh qhw groodu ydoxh ri Yronvzdjhqv sxufkdvhg e| Dphulfdqv
zloo jr grzq frpsduhg wr wkh groodu ydoxh ri Mhdqv sxufkdvhg e| Jhupdqv1, Wklv lq
wxuq pxvw fdxvh Jhupdq kroglqjv ri Dphulfdq qdqfldo dvvhwv wr ghfuhdvh +ghsrvlwv
gfk gr lqghhg ghfuhdvh, vlqfh/ zlwk rdwlqj h{fkdqjh udwhv/ wkh grooduv ohdylqj Dphu0
lfd pxvw htxdo wkh groodu ydoxh ri pdunv hqwhulqj wkh frxqwu|/ dqg wkh odwwhu duh vshqw
hlwkhu rq Dphulfdq jrrgv/ ru rq Dphulfdq dvvhwv/ l1h1/ rq ghsrvlwv lq Dphulfdq edqnv1
Lq wkh odvw shulrg/ qrerg| zloo krog dvvhwv/ khqfh wkh edodqfh ri wudgh lv ghwhuplqhg
hqwluho| e| wkh lqwhuhvw sd|phqwv iurp wkh suhylrxv shulrgv1 Wkh uhgxfhg Jhupdq
ghsrvlwv vkrz xs lq wkh odvw shulrg dv d uhyhuvdo ri wkh wudgh edodqfh1 Wklv hhfw lv
hyhq vwurqjhu ehfdxvh wkh wdul lv oliwhg iru wkh odvw shulrg147
Qrwh/ lqflghqwdoo|/ wkdw wkh uhdo whupv ri wudgh lq erwk shulrgv jr lq wkh vdph
gluhfwlrq dv wkh edodqfh ri wudgh1 D uhgxfhg irup prgho zklfk wulhg wr olqn wudgh
edodqfhv zlwk wkh whupv ri wudgh zrxog eh plvohdglqj1
Wkh lpsuryhphqw lq wkh Dphulfdq edodqfh ri wudgh jrhv kdqg lq kdqg zlwk ihzhu
Jhupdq ghsrvlwv/ dv zh kdyh vhhq1 Ohw xv frqvlghu wkh rwkhu vlgh ri wkh orqj whup
fuhglw pdunhw1 Dphulfdqv idfh kljkhu groodu sulfhv ri jrrgv +lqfoxvlyh ri wkh wdul,/
dqg wkh| nqrz wkh| fdq dqwlflsdwh pruh uhyhqxh lq wkh ixwxuh iurp wkh wdul uhglvwul0
exwlrq1 Wkxv li wkh orqj whup lqwhuhvw udwh uhpdlqhg wkh vdph/ zh zrxog h{shfw pruh
ghpdqg iru eruurzlqj iurp Dphulfd1 Wdnlqj wklv wrjhwkhu zlwk ohvv ghsrvlwv iurp
Jhupdq|/ zh pxvw h{shfw wkh orqj whup Dphulfdq lqwhuhvw udwh wr jr xs1 Lqghhg lw
grhv1 Vlqfh wkh uhodwlyh vxssolhv ri sulydwh dqg edqn prqh| lv xqfkdqjhg/ wkh ulvh
lq wkh orqj udwh lpsolhv wkdw vrph Dphulfdq vkruw udwh jrhv grzq voljkwo| +zklfk
kdsshqv lq shulrg 4,1
Wkh wdul uhgxfhv wkh vdoh ri Yronvzdjhqv/ dqg wkh zhoiduh ri Yronvzdjhq vhoohuv
xq 1 Wkhlu orvv lq lqfrph uhgxfhv wkhlu ghpdqg iru Ehhuv lq erwk shulrgv/ vr zh vhh
wkdw wudgh ri doo jrrgv lv uhgxfhg lq Jhupdq|/ dqg zhoiduh idoov iru doo Jhupdqv/ dv
47
Hyhq zlwk d shupdqhqw lqfuhdvh lq wdulv/ zh zrxog vhh d wudgh edodqfh lpsuryhphqw lq Dphulfd
lq wkh uvw shulrg1 Wkh vhfrqg shulrg vxusoxv zrxog whqg wr ghfolqh xqohvv wkh orqj lqwhuhvw udwh
lqfuhdvhg vx!flhqwo| idu1 Zh glg qrw fduu| rxw wkh fdofxodwlrqv lq rxu h{dpsoh/ exw zh frqmhfwxuh
wkdw zkhq d frxqwu| uxqqlqj d ghflw lpsrvhv d shupdqhqw wdul lqvwhdg ri d whpsrudu| wdul/ lw
zloo lqfuhdvh wkh orqj lqwhuhvw udwh hyhq pruh1
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grhv qdwlrqdo uhdo lqfrph1
Jlyhq wkdw wkh vdph dprxqw ri Jhupdq prqh| fkdvhv ihzhu Jhupdq wudqvdfwlrqv/
Jhupdq ghxwvfkpdun sulfhv jhqhudoo| ulvh1 Vlqfh wkh ulvh lq Jhupdq wudqvdfwlrqv lv
sduwo| doohyldwhg lq shulrg 4 e| wkh holplqdwlrq ri wkh wdul/ wkh idoo lq Jhupdq
sulfhv lv juhdwhvw lq shulrg 31 Khqfh wkh Jhupdq h{shfwhg lq dwlrq lv orzhu diwhu wkh
whpsrudu| wdul lv lpsrvhg/ dqg e| wkh Ilvkhu hhfw/ zh vkrxog h{shfw wkh Jhupdq
orqj lqwhuhvw udwh wr idoo/ zklfk lw grhv1
Wkh idoo lq Jhupdq lqfrph uhgxfhv wkhlu ghpdqg iru Mhdqv/ vr wkh Dphulfdq vhoohu
ri Mhdqv jdlqv rqo| voljkwo| iurp wkh wdul uhyhqxh kh uhfhlyhv iurp wkh jryhuqphqw
dw wkh hqg ri shulrg 31 Wkh Dphulfdq vhoohu ri Dssohv jdlqv vxevwdqwldoo|1 Vlqfh vrph
grooduv duh glyhuwhg wr sd| wkh wdulv/ zh vkrxog h{shfw jhqhudo qrqwd{hg Dphulfdq
sulfhv wr idoo lq shulrg 3/ dqg lqghhg wkh| gr +wkrxjk qrw e| dv pxfk dv wkh groodu
htxlydohqw sulfh ri Yronvzdjhqv,1 Dphulfdq qrplqdo lqfrph jrhv grzq/ dowkrxjk
frxqwlqj wudqvihu sd|phqwv hyhq qrplqdo lqfrph lv dv kljk dv ehiruh1 Lq shulrg 4
sulfhv uhwxuq wr wkhlu qrupdo ohyhov/ dqg hyhq voljkwo| kljkhu/ ehfdxvh wkhuh duh ihzhu
Mhdqv vrog wr wkh srruhu Jhupdqv/ dqg khqfh wkh vdph prqh| fkdvhv voljkwo| ihzhu
wudqvdfwlrqv1 Wkxv wkh whpsrudu| wdul whpsrudulo| uhgxfhv Dphulfdq sulfhv/ wkhq
ohdgv wr d pxfk kljkhu lq dwlrq1 Wklv lv dqrwkhu uhdvrq wr kdyh h{shfwhg wkh orqj
whup Dphulfdq lqwhuhvw udwh wr kdyh lqfuhdvhg1
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Surgxfwlylw| Lqfuhdvhv

D vwurqj Dphulfdq groodu lv fhuwdlqo| ehqhfldo/ rwkhu wklqjv htxdo/ wr wkh kroghuv
ri Dphulfdq qdqfldo dvvhwv/ ehfdxvh wkh| wkhq kdyh pruh sxufkdvlqj srzhu ryhu
iruhljq jrrgv1 Zh lqyhvwljdwh khuh zkhwkhu d vwurqj groodu lv dovr d vljq ri d vwurqj
Dphulfdq hfrqrp|1 Vxssrvh Dphulfdq surgxfwlylw| +hqgrzphqw, lqfuhdvhv/ vd| lq
wkh qrqwudghg vhfwru1 Zkdw hhfw grhv wkdw kdyh rq wkh groodu/ rq wkh edodqfh ri
wudgh/ dqg rq orqj whup Dphulfdq lqwhuhvw udwhvB Zkdw li wkh surgxfwlylw| lqfuhdvh
zhuh lq wkh wudghg vhfwruB Zkdw hhfw zrxog lw kdyh rq Jhupdq|B
Wkh PxqghooIohplqj prgho lpsolhv lq erwk vlwxdwlrqv wkdw Dphulfdq lqfrph dqg
lqwhuhvw udwhv jr xs/ wkh groodu dssuhfldwhv/ dqg qhw h{sruwv jr grzq1 Zh djuhh zlwk
wkh uvw wkuhh sursrvlwlrqv/ exw qrw wkh irxuwk1 Wklv wkrxjkw h{shulphqw looxvwudwhv
zkdw zh uhjdug dv d ixqgdphqwdo sureohp zlwk wkh PxqghooIohplqj prgho= lw wuhdwv
rxwsxw dv d vlqjoh krprjhqhrxv frpprglw|/ lw ljqruhv fkdqjhv lq wkh uhdo whupv ri
wudgh/ dqg lw ljqruhv fkdqjhv lq wkh h{shfwhg dssuhfldwlrq ri wkh fxuuhqflhv/ wkhuhe|
frpsurplvlqj lwv suhglfwlrqv derxw lqwhuqdwlrqdo fdslwdo rzv dqg wkh edodqfh ri
wudgh1 Lq olqh 5 ri Wdeoh LL/ zh vkrz wkh hhfwv ri dq lqfuhdvh lq wkh shulrg 3
Dphulfdq hqgrzphqw ri Dssohv/ dqg lq olqh 7 zh vkrz wkh hhfwv ri dq lqfuhdvh lq
wkh shulrg 3 Dphulfdq hqgrzphqw ri Mhdqv1
Wkh hhfw ri dq lqfuhdvh lq wkh grphvwlfdoo| wudghg Dssoh hqgrzphqw Df lv wr
lqfuhdvh uhdo zhdowk lq Dphulfd1 Vlqfh wkh hqgrzphqw ri dssohv lv frqfhqwudwhg
lq sduw ri wkh hfrqrp| +djhqwv ri w|sh 5,/ lqfuhdvhv lq wkhlu hqgrzphqw lqfuhdvh wkh
jdlqv wr wudgh lq Dphulfd1 Wkhuh zloo eh idu pruh dssohv wudghg/ dqg wkh uhodwlyh sulfh
ri dssohv wr mhdqv dqg wr Yronvzdjhqv zloo idoo1 Lq rxu h{dpsoh/ wkh uvw Dphulfdq
djhqw*v hodvwlflw| ri ghpdqg iru dssohv lv voljkwo| pruh wkdq 4/ khqfh kh zloo jlyh xs
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pruh Mhdqv wkdq ehiruh wr jhw wkh h{wud dssohv1 Wkxv wudgh ri erwk frpprglwlhv +dqg
khqfh uhdo lqfrph, xqdpeljxrxvo| ulvhv lq shulrg 3/ dv zh vhh lq froxpqv 46 dqg 47
ri Wdeoh LLL/ dv grhv wkh zhoiduh ri erwk Dphulfdq djhqwv/ dv zh vhh lq froxpqv : dqg
; ri Wdeoh LLL1 Wkh lqfuhdvhg zhdowk ri wkh dssoh hqgrzhg djhqw fduulhv ryhu hyhq wr
wkh odvw shulrg/ zkhq klv hqgrzphqw kdv uhwxuqhg wr qrupdo/ lqfuhdvlqj wkh wudgh lq
mhdqv hyhq lq shulrg 4 +vhh froxpq LLL 4:,/ dqg vr lqfuhdvlqj uhdo Dphulfdq lqfrph
lq erwk shulrgv1
Lq rughu iru pruh wudqvdfwlrqv wr eh fduulhg rxw zlwk wkh vdph prqh|/ Dphulfdq
sulfhv pxvw idoo lq shulrg 3 +dqg dssoh sulfhv idoo pruh wkdq Mhdq sulfhv,/ dqg djdlq lq
shulrg 4/ exw qrw e| dv pxfk/ vlqfh wkhuh lvq*w d kxjh dssoh vwrfn wkdw qhhgv wudglqj
dq|pruh1 Wkh udwh ri h{shfwhg lq dwlrq lv wkxv lqfuhdvhg/ dqg iurp wkh Ilvkhu hhfw/
wkhuh lv d ulvh lq wkh Dphulfdq orqj qrplqdo udwh +froxpq LL 44,1
Iurp sxufkdvlqj srzhu sdulw|/ dqg wkh idoo ri qrplqdo Dphulfdq sulfhv/ zh nqrz
wkdw wkhuh pxvw eh dq dssuhfldwlrq ri wkh groodu djdlqvw wkh pdun lq wkh lqlwldo
shulrg1 +Lq wkh odvw shulrg wkh groodu uhwxuqv qhduo| wr lwv iruphu ohyho1, Zh frqup
wkdw d vwurqjhu Dphulfdq hfrqrp| grhv ohdg wr d vwurqjhu groodu/ li prqhwdu| srolf| lv
xqfkdqjhg1 Dphulfdq qdqfldo zhdowk rzqhuv duh wkxv deoh wr sxufkdvh voljkwo| pruh
Jhupdq jrrgv/ zklfk wkh| gr1 Exw zh dovr qrwh wkdw wkh whpsrudu| surgxfwlylw|
lqfuhdvh kdv jlyhq ulvh wr d whpsrudu| dssuhfldwlrq1 Udwlrqdo lqyhvwruv wkhuhiruh
dqwlflsdwh lq shulrg 3 wkdw wkh groodu zloo ghsuhfldwh lq shulrg 4 edfn wr lwv iruphu
ohyho/ khqfh wkh| gr qrw qhfhvvdulo| pryh fdslwdo iurp Jhupdq| wr Dphulfd1 Lqghhg
fdslwdo pryhv voljkwo| lq wkh rwkhu gluhfwlrq +vhh froxpq LL 48,1
Dowkrxjk Dphulfdq zhdowk lqfuhdvhv/ wkh uhdo uhodwlyh sulfh ri Dssohv idoov/ vr
wkdw wkh ghpdqg iru Yronvzdjhqv lv lq xhqfhg lq frqwudu| gluhfwlrqv e| wkh lqfrph
dqg vxevwlwxwlrq hhfwv1 Lq wkh qhz htxloleulxp/ wkh uhdo uhodwlyh sulfh ri Mhdqv dqg
Yronvzdjhqv lv qrw pxfk fkdqjhg/ dv fdq eh vhhq lq froxpq 4 ri Wdeoh LLL1 Khqfh
Jhupdq wudgh lv qrw pxfk dhfwhg/ dqg sulfh ohyhov lq Jhupdq| uhpdlq doprvw zkhuh
wkh| zhuh ehiruh1
Frqyhqwlrqdo prghov ri lqwhuqdwlrqdo qdqfh suhvxph wkdw dq lqfuhdvh lq Dphu0
lfdq lqfrph pxvw udlvh qhw Dphulfdq lpsruwv/ dv zhoo dv dssuhfldwlqj wkh Dphulfdq
groodu dqg udlvlqj wkh orqj whup Dphulfdq lqwhuhvw udwh1 Exw wkdw lv ehfdxvh wkh|
gr qrw doorz iru fkdqjhv lq uhodwlyh sulfhv1 Dq dssuhfldwlrq ri wkh groodu grhv qrw
qhfhvvdulo| lpso| dq lpsuryhphqw lq wkh uhdo whupv ri wudgh1 Lqghhg/ zh vhh lq rxu
h{dpsoh wkdw wkh groodu grhv xqdpeljxrxvo| dssuhfldwh/ zkloh wkh whupv ri wudgh vwd|
dssur{lpdwho| wkh vdph +vhh froxpq LLL 4,1 Wkh edodqfh ri wudgh dfwxdoo| voljkwo|
lpsuryhv +vhh froxpq LLL 6,1 Lq rwkhu zrugv/ dq lqfuhdvh lq Dphulfdq lqwhuhvw udwhv
grhv qrw qhfhvvdulo| pdnh lw pruh dwwudfwlyh wr lqyhvw lq Dphulfd/ ehfdxvh ri wkh
frxqwhuedodqflqj h{shfwhg ghsuhfldwlrq ri wkh groodu1 Wkh PxqghooIohplqj hhfw
rq qhw h{sruwv idlov ehfdxvh ri uhodwlyh sulfh fkdqjhv1
Li wkh lqfuhdvhg surgxfwlylw| frphv lqvwhdg lq wkh h{sruw vhfwru ri wkh Dphulfdq
hfrqrp| +vhh urz 7,/ wkh vlwxdwlrq lv vlplodu/ dqg vkrzv hyhq pruh fohduo| wkh yxo0
qhudelolw| ri prghov olnh PxqghooIohplqj wkdw ljqruh uhodwlyh sulfh fkdqjhv1 Wkh
idoo lq uhodwlyh sulfhv lv qrz lq Mhdqv/ l1h1/ suhflvho| lq wkh uhdo whupv ri wudgh1 +Khqfh
Jhupdq zhoiduh dovr lpsuryhv1, Vr zh kdyh dq h{dpsoh zlwk dq dssuhfldwlqj Dphu0
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lfdq groodu/ exw zruvhqlqj whupv ri wudgh1 Wkh Dphulfdq edodqfh ri wudgh lpsuryhv=
wkrxjk wkh Dphulfdqv duh ulfkhu/ dqg wkhuhiruh lpsruw pruh/ wkh h{wud hqgrzphqw
ri Mhdqv pdnhv wkh sulfh ri Dphulfdq h{sruwv pruh dwwudfwlyh/ vr h{sruwv dovr ulvh1
Wkxv rxu prgho uhmhfwv rqh ri wkh fruqhuvwrqhv ri wkh PxqghooIohplqj dqdo|vlv ri
lqwhuqdwlrqdo wudgh1

4416

Suhihuhqfhv

Frqvlghu wkh frqvhtxhqfhv/ glvsod|hg lq olqh 9/ li wkh Dphulfdqv ghyhors d vxgghq
wdvwh iru Jhupdq Yronvzdjhqv zklfk lv nqrzq wr eh whpsrudu| +shukdsv ehfdxvh
Dphulfdq surgxfwv zloo eh dv jrrg dv Jhupdq fduv lq wkh ixwxuh/ ru shukdsv ehfdxvh
wkh qryhow| ri Jhupdq fduv zloo zhdu r,1 Zh qg h{dfwo| wkh hhfwv zh zrxog h{shfw1
Wkhuh lv d vxujh ri lqwhuqdwlrqdo wudgh1 Wkh Dphulfdq edodqfh ri wudgh zruvhqv lq
wkh lqlwldo shulrg/ dqg wkh groodu ghsuhfldwhv1 Wkh uhdo whupv ri wudgh wxuq djdlqvw
Dphulfd1 Uhdo lqfrph lqfuhdvhv zruogzlgh1 Shukdsv wkh rqo| vxewohw| lv wkdw wkh
Jhupdq orqj udwh jrhv xs1
Zlwk wkh vdph grooduv fkdvlqj pruh wudghv/ wkhuh lv d jhqhudo idoo lq sulfhv1 Vlqfh
wkh Jhupdqv duh prvw dhfwhg/ Jhupdq uhdo lqfrph lqfuhdvhv wkh prvw lq shulrg 31
Wkhuhiruh sulfhv idoo wkh prvw lq wkdw shulrg1 Wkh Ilvkhu hhfw wkhq jxdudqwhhv wkdw
wkh Jhupdq orqj udwh pxvw ulvh1
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Edodqfhg Exgjhw Ilvfdo Srolf|

Wkh hvvhqfh ri vfdo srolf| lv d wudqvihu ri zhdowk iurp d orz pdujlqdo surshqvlw| wr
wudqvdfw dqg frqvxph djhqw wr d kljk pdujlqdo surshqvlw| wr wudqvdfw dqg frqvxph
djhqw1 Jryhuqphqw h{shqglwxuh rq wkh grphvwlf frpprglw| pdunhw/ l1h1/ rq Dssohv
lq shulrg 3/ qdqfhg e| oxps vxp48 wd{hv udlvhg rq vd| djhqw 5/ wudqvihuv zhdowk iurp
dq djhqw zkr +4, grhv qrw vshqg doo klv zhdowk lq wkh pdunhw +vlqfh kh frqvxphv d
vljqlfdqw sduw ri klv hqgrzphqw/ dv prvw shrsoh frqvxph d vljqlfdqw sruwlrq ri
wkhlu oderu hqgrzphqw dv ohlvxuh, dqg +5, gluhfwv d vljqlfdqw sruwlrq ri klv h{shq0
glwxuhv wr shulrg 41 Wkh wd{ uhyhqxh lv wudqvihuuhg wr wkh jryhuqphqw/ zklfk vshqgv
lw doo lq shulrg 31
Ilvfdo srolf| qhfhvvdulo| kdv uhdo hhfwv/ dv zh vkdoo vhh lq d prphqw1 Lq wkh
grphvwlf hfrqrp| wkhvh hhfwv duh frqvlvwhqw zlwk Nh|qhvldq hfrqrplfv1 Wkh lq0
whuqdwlrqdo hhfwv/ krzhyhu/ wxuq rxw wr eh glhuhqw iurp wkrvh iruhfdvw e| Pxqghoo
dqg Iohplqj ehfdxvh zh gr qrw suhwhqg wkdw doo rxwsxw fdq eh djjuhjdwhg lqwr d
vlqjoh krprjhqhrxv jrrg> lq sduwlfxodu/ lw lv qrw wkh fdvh wkdw lqfuhdvhv lq grphvwlf
rxwsxw lqfuhdvh lpsruwv exw gr qrw dhfw h{sruwv1 Wkh PxqghooIohplqj prgho suh0
glfwv wkdw h{sdqvlrqdu| Dphulfdq vfdo srolf| zloo lqfuhdvh Dphulfdq lqwhuhvw udwhv/
dssuhfldwh wkh groodu/ exw ghfuhdvh qhw h{sruwv dqg wkh edodqfh ri wudgh1 Dv zlwk
surgxfwlylw| lqfuhdvhv/ zh djuhh zlwk wkh uvw wzr suhglfwlrqv exw qrw zlwk wkh wklug1
Rxu dqdo|vlv lv vxppdul}hg lq olqh ; ri Wdeohv LL dqg LLL1
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Lq uhdolw|/ whpsrudu| lqfrph wd{ vxufkdujhv duh d pl{wxuh ri oxps vxp dqg glvwruwlrqdu| wd{d0
wlrq1 E| wuhdwlqj wd{hv dv oxps vxp zh ryhuhvwlpdwh wkh pxowlsolhu zh fdofxodwh ehorz1
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Wkh prvw lpphgldwh lpsdfw lv lq wkh Dssoh vhfwru/ zklfk h{shulhqfhv d odujh
lqfuhdvh lq wudgh rq dffrxqw ri kljkhu jryhuqphqw ghpdqg1 Wudgh lq Mhdqv jrhv
grzq vlqfh wkh jryhuqphqw grhv qrw ex| Mhdqv/ dqg wkh Dphulfdq frqvxphuv duh
qrz srruhu rq dffrxqw ri wkh wd{1 Exw wkh ghfolqh lq Mhdq dfwlylw| lv vpdoohu wkdq
wkh ulvh lq Dssoh dfwlylw|/ vlqfh wkh pdujlqdo surshqvlw| ri wkh jryhuqphqw wr wudqvdfw
lv kljkhu wkdq wkdw ri wkh djhqw iurp zkrp wkh jryhuqphqw udlvhg wkh wd{ uhyhqxh1
Wkxv rq wkh zkroh/ djjuhjdwh dfwlylw| jrhv xs lq Dphulfd lq shulrg 31 Lq rxu h{dpsoh/
wkh edodqfhg exgjhw pxowlsolhu lv dssur{lpdwho| 7q43 +l1h1/ jryhuqphqw h{shqglwxuh
zruwk 4 xqlw ri dssohv lqfuhdvhv dssoh vdohv e| 188 dqg uhgxfhv wkh vdohv ri mhdqv e|
148/ zkhuh xqlwv duh qrupdol}hg vr wkdw wkh sulfh ri dssohv dqg mhdqv duh wkh vdph,1
Lq shulrg 4/ dfwlylw| uhwxuqv doprvw wr zkhuh lw kdg ehhq ehiruh/ dowkrxjk lw lv voljkwo|
glhuhqw vlqfh wkh glvwulexwlrq ri zhdowk lv dowhuhg e| wkh jryhuqphqw wd{1
Wkh wudqvihu ri vshqglqj iurp shulrg 4 edfn wr shulrg 3 pxvw lqfuhdvh wkh orqj
whup uhdo lqwhuhvw udwh lq Dphulfd1 +Vlqfh wkh jryhuqphqw lv frqvxplqj vrph ri wkh
shulrg 3 jrrgv/ wkh frqvxphuv pxvw frqvxph ohvv ri wkhp/ dqg vr shulrg 3 pdujlqdo
xwlolwlhv ulvh frpsduhg wr shulrg 4 pdujlqdo xwlolwlhv1,
Vlqfh Dphulfdq wudglqj dfwlylw| lqfuhdvhv lq shulrg 3/ wkh vdph prqh| fkdvhv
pruh wudqvdfwlrqv/ dqg sulfhv pxvw idoo1 Lq shulrg 4 sulfhv duh doprvw zkhuh wkh|
zhuh ehiruh1 Khqfh h{shfwhg lq dwlrq lv lqfuhdvhg e| edodqfhg exgjhw vfdo srolf|1
Wkh ulvh ri erwk lq dwlrq dqg wkh uhdo lqwhuhvw udwh lpsolhv wkdw wkh orqj whup qrplqdo
lqwhuhvw udwh pxvw ulvh lq Dphulfd/ zklfk zh lqghhg revhuyh lq rxu h{dpsoh +LL 44,1
+Vlqfh wkh wrwdo prqh| vwrfn lv frqvwdqw/ wkhuh pxvw eh vrph frxqwhuydlolqj idoo lq
vrph lqwhuhvw udwh1 Zh revhuyh d vpdoo gurs lq wkh shulrg 4 vkruw udwh/ dv vkrzq lq
LL 431,
Lq wkh frqyhqwlrqdo dqdo|vlv ri lqwhuqdwlrqdo qdqfh edvhg rq d vlqjoh djjuhjdwh
jrrg/ wkh lqfuhdvh lq Dphulfdq uhdo lqfrph zrxog e| dvvxpswlrq lqfuhdvh wkh ghpdqg
iru lpsruwv dw wkh rog sulfhv1 Exw khuh zh vhh wkdw wkh jryhuqphqw lv wd{lqj zhdowk/
sduw ri zklfk zrxog kdyh ehhq vshqw rq Yronvzdjhqv/ dqg vshqglqj lw doo rq Dssohv1
Khqfh wkh ghpdqg iru lpsruwv dfwxdoo| jrhv grzq +dovr ehfdxvh ri wkh ulvh lq lqwhuhvw
udwhv,1 Wkh uhdo whupv ri wudgh wxuq lq Dphulfd*v idyru +vhh LLL 4,> exw/ wklv lv wkh
uhvxow ri zhdn ghpdqg iru lpsruwv qrw d fdxvh ri vwurqj ghpdqg iru lpsruwv1 Wkh
idoolqj uhodwlyh sulfh ri lpsruwv frpshqvdwhv iru wkh zhdnhu ghpdqg/ dqg lpsruwv vwd|
doprvw wkh vdph +LL 4<,1 Vlqfh wkh groodu sulfh ri Yronvzdjhqv jrhv grzq +wkh GP
sulfh krogv wkh vdph/ zkloh wkh groodu dssuhfldwhv,/ wkh Dphulfdq edodqfh ri wudgh
ghflw lpsuryhv1
Zh fdq sxw wkh vdph srlqw lq d glhuhqw zd|1 Wkh ulvh lq wkh orqj0whup Dphul0
fdq lqwhuhvw udwh lpsolhv lq wkh PxqghooIohplqj prgho wkdw fdslwdo pxvw rz lqwr
Dphulfd1 Exw wkh whpsrudu| dssuhfldwlrq ri wkh groodu lpsolhv wkdw udwlrqdo lqyhvwruv
h{shfw d ixwxuh ghsuhfldwlrq/ zklfk dfwxdoo| fdxvhv wkhp wr pryh fdslwdo edfn wrzdug
Jhupdq| dqg wr uhgxfh wkh Dphulfdq ghflw +vhh LL 48,1
Li wkh X1V1 jryhuqphqw h{shqglwxuhv zhuh lq wkh vdph sursruwlrq dv sulydwh vhfwru
h{shqglwxuhv/ wkhuh lv vwloo d voljkw lpsuryhphqw lq wkh lqlwldo shulrg edodqfh ri wudgh1
Wkh rqo| zd| wr jhw wkh PxqghooIohplqj uhvxow rq wkh edodqfh ri wudgh lv li wkh
jryhuqphqw h{shqglwxuhv duh frqfhqwudwhg rq wkh h{sruw vhfwru Mhdqv1 Wkdw zrxog
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udlvh wkh sulfh ri Mhdqv/ fkrnlqj r h{sruwv dqg lqfuhdvlqj lpsruwv/ mxvw dv suhglfwhg
lq PxqghooIohplqj1
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Erqg Ilqdqfhg Ilvfdo Srolf|

Wkh Uhdjdq exgjhw ghflw ri wkh 4<;3v ohg wr d kxjh edodqfh ri wudgh ghflw1 Zh
fdq vhh zk| lq rxu h{dpsoh1
Kdg wkh jryhuqphqw udlvhg prqh| e| lvvxlqj erqgv lqvwhdg ri udlvlqj wd{hv/ djhqwv
zrxog uhdol}h wkh jryhuqphqw zrxog qhhg prqh| wr uhghhp wkh erqgv odwhu1 Li wkh
jryhuqphqw pdgh lw fohdu wkdw wklv zrxog eh dfklhyhg e| d wd{ rq wkh vdph djhqw 5
lq wkh odvw shulrg +lqvwhdg ri wkh uvw shulrg,/ wkhq zh fdq hdvlo| vhh wkdw djhqw 5
zrxog ex| wkh jryhuqphqw erqgv lq shulrg 3 dqg xvh wkh sd|phqwv wr phhw lwv wd{
reoljdwlrqv lq shulrg 41 Wkh htxloleulxp zrxog eh h{dfwo| wkh vdph dv wkdw ghvfulehg
lq wkh odvw vhfwlrq rq edodqfhg exgjhw jryhuqphqw h{shqglwxuhv1 Eduur*v sulqflsoh ri
qhxwudolw| zrxog eh frquphg1
Vxssrvh/ krzhyhu/ wkdw wkh jryhuqphqw sodqqhg rq uhghhplqj lwv erqgv e| udlv0
lqj wd{hv rq djhqwv zkr glg qrw kdyh dffhvv wr wkh erqg pdunhwv ri shulrg 31 Iru
h{dpsoh/ lq 4<;8 djhqwv pljkw udwlrqdoo| kdyh dvvxphg wkdw wkh jryhuqphqw zrxog
qrw udlvh wd{hv iru d orqj wlph/ dqg wkdw zkhq lw glg wkhuh zrxog eh d qhz jhqhud0
wlrq ri wd{sd|huv wkdw zrxog kdyh wr ehdu d vljqlfdqw sduw ri wkh exughq1 Zh fdq
lpdjlqh dgglqj dqrwkhu Dphulfdq krxvhkrog zkr lv eruq lq shulrg 4/ dqg zkr/ dw
wkh htxloleulxp sulfhv glg qrw zlvk wr wudgh hyhq zkhq kh zdv dolyh1 Zh fdofxodwh/
lq urz < ri Wdeohv LL dqg LLL/ wkh hhfwv ri jryhuqphqw h{shqglwxuhv lq shulrg 3 wkdw
duh qdqfhg e| erqgv wkdw zloo eh uhghhphg e| d wd{ rq wklv qhz djhqw lq shulrg 41
Zh vhh wkdw wkh hhfwv duh vlplodu wr wkh edodqfhg exgjhw vfdo h{sdqvlrq/ h{fhsw
wkdw qrz wkh Dphulfdq edodqfh ri wudgh zruvhqv/ wkh orqj Jhupdq lqwhuhvw udwh dovr
ulvhv/ dqg wkh lqfuhdvh lq ydoxh ri wkh Dphulfdq fxuuhqf| lv vpdoohu wkdq ehiruh1
Wkh Dphulfdq ghpdqg iru lpsruwv lv doprvw xqfkdqjhg e| wkh vfdo srolf| ehfdxvh
sulydwh zhdowk iru wkrvh dolyh lq shulrg 3 lv qrw uhgxfhg e| wkh jryhuqphqw wd{dwlrq lq
shulrg 4= wkh hhfwv rq lpsruwv ri d kljkhu lqwhuhvw udwh +lpso|lqj ohvv frqvxpswlrq
ri doo jrrgv lq shulrg 3, dqg lqfuhdvhg whupv ri wudgh +lpso|lqj pruh frqvxpswlrq
ri iruhljq jrrgv, mxvw fdqfho1 Exw wkh lpsuryhg whupv ri wudgh ghfuhdvh Dphulfdq
h{sruwv/ wkxv zruvhqlqj wkh edodqfh ri wudgh149
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Prqhwdu| Srolf| +Rshq Pdunhw Rshudwlrqv,

Lq vwdqgdug Nh|qhvldq prghov/ dq h{sdqvlrqdu| rshq pdunhw rshudwlrq lqfuhdvhv rxw0
sxw dqg orzhuv lqwhuhvw udwhv1 Lq wkh PxqghooIohplqj prgho ri lqwhuqdwlrqdo qdqfh/
h{sdqvlrqdu| rshq pdunhw rshudwlrqv dovr ghsuhfldwh wkh fxuuhqf|/ wkhuhe| lqfuhdv0
lqj qhw h{sruwv dqg wkxv ixuwkhu lqfuhdvlqj rxwsxw/ exw uhwxuqlqj lqwhuhvw udwhv wr
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Sduw ri wkh uhdvrq iru wkh zruvhqlqj edodqfh ri wudgh lq shulrg 3 lv wkdw wkh h{wud djhqw lv irufhg
wr sxw mhdqv rq wkh pdunhw lq wkh odvw shulrg lq rughu wr sd| klv wd{hv1 Kdg kh ehhq d vhoohu dqg
frqvxphu ri Dssohv lqvwhdg/ zh zrxog kdyh jrwwhq uhvxowv yhu| vlplodu wr wkh edodqfhg exgjhw vfdo
srolf|1 Qrwh wkdw wkh irufhg vdoh ri mhdqv uhgxfhv wkh sulfh ri mhdqv/ dqg khqfh wkh whupv ri wudgh1
Lw whqgv wr pdnh wkh fxuuhqf| dssuhfldwh lq wkh odvw shulrg dv Jhupdqv wu| wr ex| pruh mhdqv1 Lq
rughu wr pdlqwdlq lqwhuhvw udwh sdulw|/ wkh Jhupdq orqj udwh pxvw dovr ulvh1

6:

wkhlu ruljlqdo ohyhov1 Rxu dqdo|vlv frqupv prvw ri wkhvh suhglfwlrqv/ dowkrxjk yld
d glhuhqw g|qdplf1 Vlqfh zh gr qrw pdnh wkh PxqghooIohplqj vpdoo frxqwu| k|0
srwkhvlv/ zh qg wkdw lqwhuhvw udwhv duh lqghhg orzhuhg e| rshq pdunhw rshudwlrqv1
Ixuwkhupruh/ dowkrxjk lq rxu h{dpsoh h{sruwv ulvh dqg lpsruwv vwd| dssur{lpdwho|
wkh vdph/ wkh ghsuhfldwlqj groodu dfwxdoo| lqfuhdvhv wkh Dphulfdq wudgh ghflw +phd0
vxuhg lq grooduv,1 Rwkhu glhuhqfhv dovr hphujh ghshqglqj rq wkh pdwxulw| ri wkh
erqgv wkh jryhuqphqw edqn wulhv wr ex|1
Vxssrvh wkh jryhuqphqw sulqwv pruh prqh|/ pdnlqj lw dydlodeoh dw wkh fhqwudo
edqn wr ex| rxwvwdqglqj erqgv ru qhzo| lvvxhg erqgv1 Zh wudfh rxw wkh hhfwv zkhq
wkh Dphulfdq jryhuqphqw rshudwhv dw wkh vkruw hqg ri wkh |lhog fxuyh/ lqfuhdvlqj Pf /
lq olqh 44 ri Wdeohv LL dqg LLL1 Zh vhh wkdw vkruw lqwhuhvw udwhv lq Dphulfd ghfolqh/
dqg zlwk wkh lqfuhdvhg h!flhqf|/ lqfrph lqfuhdvhv1 Wkh lqfuhdvhg dfwlylw| lq Dphulfd
ohdgv wr d kljkhu ghpdqg iru lpsruwv/ zruvhqlqj wkh uhdo whupv ri wudgh iru Dphulfd1
Wkdw lq wxuq vwlpxodwhv Jhupdq| wr ghpdqg pruh lpsruwv lwvhoi/ dqg fkrnhv r wkh
srwhqwldo lqfuhdvh lq Dphulfdq lpsruwv ri Jhupdq jrrgv1
Ehfdxvh ri wkh h{wud prqh|/ Dphulfdq sulfh ohyhov ulvh lq shulrg 3/ dowkrxjk wklv
lv sduwo| dpholrudwhg e| wkh lqfuhdvhg dfwlylw| ri wudgh1 Vlqfh wkh lqfuhdvhg prqh|
vxsso| lv dvvxphg wr eh vkruw0olyhg +zh vxssrvh wkh rshq pdunhw rshudwlrqv duh rqo|
lq shulrg 3,/ sulfhv zloo qrw ulvh lq shulrg 4/ dqg khqfh +frpsduhg wr wkh ruljlqdo
htxloleulxp,/ wkhuh lv dq h{shfwhg gh dwlrq dw shulrg 31 Wkxv iurp wkh Ilvkhu hhfw/
wkh orqj lqwhuhvw udwh lq Dphulfd dovr gursv1
Wkh ulvh lq Dphulfdq sulfhv/ frxsohg zlwk wkh lqfuhdvhg dfwlylw| lq Jhupdq|/
zklfk fdxvhv d ghfuhdvh lq Jhupdq sulfhv +dv wkh vdph prqh| fkdvhv pruh jrrgv,
qhfhvvdulo| lpsolhv d ghsuhfldwlrq lq wkh groodu lq shulrg 3 iurp sxufkdvlqj srzhu sdu0
lw|1 Wkh uhdo whupv ri wudgh dovr wxuq djdlqvw Dphulfd/ vlqfh wkh lqfuhdvhg h!flhqf|
ri Dphulfdq wudgh ohdgv wr d juhdwhu ghpdqg iru Jhupdq jrrgv/ dv zh phqwlrqhg1
Doo wklv lv h{dfwo| frqvlvwhqw zlwk wkh PxqghooIohplqj prgho +qrwlqj wkdw wkh gurs
lq lqwhuhvw udwhv zrxog kdyh ehhq glvfryhuhg lq PxqghooIohplqj kdg wkh| qrw pdgh
wkh vpdoo frxqwu| k|srwkhvlv,1
Krzhyhu/ wkh glhuhqfhv ehwzhhq rxu prgho dqg wkh PxqghooIohplqj prgho duh
uhyhdohg fohduo| lq wkh edodqfh ri wudgh dqg wkh phfkdqlvpv iru dfklhylqj htxlole0
ulxp1 Lq wkh PxqghooIohplqj prghov/ wkh gurs lq Dphulfdq lqwhuhvw udwhv qhfhvvdu0
lo| lpsolhv wkdw fdslwdo zloo rz rxw ri Dphulfd lqwr Jhupdq| xqwlo fdslwdo pdunhwv
htxloleulxp lv uhhvwdeolvkhg1 Exw wkdw frqfoxvlrq ghshqgv rq wkh lpsolflw k|srwkhvlv
wkdw h{fkdqjh udwhv zloo qrw fkdqjh ixuwkhu1 Lq rxu h{dpsoh/ wkh whpsrudu| qdwxuh ri
wkh prqhwdu| lqmhfwlrqv lpsolhv wkdw djhqwv vkrxog udwlrqdoo| dqwlflsdwh d uhwxuq ri
h{fkdqjh udwhv wr qhduo| wkhlu suhylrxv ohyhov/ dqg khqfh dq h{shfwhg dssuhfldwlrq ri
wkh groodu1 Wklv pdnhv Jhupdq lqyhvwphqw lq Dphulfdq erqgv pxfk pruh dwwudfwlyh/
dqg lq idfw lq rxu h{dpsoh/ Jhupdq lqyhvwphqw dfwxdoo| lqfuhdvhv diwhu h{sdqvlrq0
du| rshq pdunhw rshudwlrqv1 Wkh Dphulfdq wudgh ghflw wkxv ghfuhdvhv/ lqvwhdg ri
lqfuhdvlqj1
Rq dffrxqw ri wkh zruvhqlqj whupv ri wudgh/ Dphulfdq h{sruwv lqfuhdvh dqg Dphu0
lfdq lpsruwv vwd| dssur{lpdwho| wkh vdph +wkh| duh erovwhuhg e| lqfuhdvlqj Dphulfdq
lqfrph,1 Wklv frqfoxvlrq lv frqvlvwhqw zlwk wkh ghwhulrudwlqj Dphulfdq edodqfh ri
6;

wudgh vlqfh wkdw lv phdvxuhg lq grooduv/ dqg wkh groodu kdv idoohq lq ydoxh/ vr wkh vdph
lpsruwv frvw pruh prqh|1
Zh dovr qrwh wkdw wkh idoo lq wkh Dphulfdq orqj udwh dqg wkh h{shfwhg groodu
dssuhfldwlrq mxvw fdqfho/ vr wkdw wkhuh lv qr uhdvrq iru wkh Jhupdq orqj udwh wr pryh1
Lq wkh odvw shulrg Dphulfdq sulfhv ulvh yhu| voljkwo|/ vlqfh prvw ri wkh h{wud prqh|
kdv ohiw wkh v|vwhp/ zkloh Jhupdq sulfhv idoo qr pruh wkdq lq shulrg 31
Wkh ulvh lq Dphulfdq sulfhv lq wkh ruljlqdo shulrg vkliwv wkh glvwulexwlrq ri zhdowk
lq Dphulfd dzd| iurp wkh vhfrqg djhqw/ zkr ehjdq zlwk odujh vwrfnv ri prqh|/ wr wkh
uvw djhqw/ zkr glg qrw orvh dq| zhdowk iurp wkh sulfh ulvh1 Dv xvxdo/ zhoiduh forvho|
iroorzv lqfrph1 Rqh fdq hdvlo| lpdjlqh wkdw wkh vhfrqg djhqw zrxog xvh klv srwhqwldo
lq xhqfh wr suhyhqw wkh jryhuqphqw iurp xqghuwdnlqj h{sdqvlrqdu| prqhwdu| srolf|1
D sx}}olqj dvshfw ri prqhwdu| srolf| lv wkh txhvwlrq ri zkdw hhfw pruh prqh|
kdv rq lqwhuhvw udwhv= rq wkh rqh kdqg orrvhu prqh| vkrxog pdnh lw hdvlhu wr eruurz
dqg khqfh orzhu lqwhuhvw udwhv> rq wkh rwkhu kdqg pruh prqh| phdqv kljkhu sulfhv/
pruh lq dwlrq/ dqg khqfh e| wkh Ilvkhu hhfw/ kljkhu lqwhuhvw udwhv1 Wklv sx}}oh
lv hdvlo| uhvroyhg e| glvwlqjxlvklqj ehwzhhq lqfuhdvhv lq wkh vwrfn ri prqh|/ dqg
lqfuhdvhv lq wkh h{shfwhg jurzwk udwh ri prqh|1 Erwk xowlpdwho| lqfuhdvh sulfh ohyhov/
exw wkh iruphu grhv vr doo dw rqfh/ orzhulqj lqwhuhvw udwhv/ zkloh wkh odwwhu grhv vr
judgxdoo|/ dqg wkhuhe| lqfuhdvhv qrplqdo lqwhuhvw udwhv1
Kdg wkh prqhwdu| lqmhfwlrqv frph dw gdwh 4/ lqvwhdg ri gdwh 3/ dqg ehhq iruhvhhq
edfn dw gdwh 3/ zklfk lv wdqwdprxqw wr d srolf| ri idvwhu jurzwk lq wkh prqh| vxsso|/
wkhq zh zrxog djdlq qg qrqqhxwudo hhfwv/ exw zlwk vrph glhuhqfhv1 Wkh prvw
reylrxv frqvhtxhqfh zrxog eh d ulvh lq Dphulfdq sulfh ohyhov lq shulrg 4/ dqg wkhuhiruh
dq lqfuhdvh lq shulrg 3 lq h{shfwhg lq dwlrq1 Iurp wkh Ilvkhu htxdwlrq/ wklv zrxog
lqfuhdvh wkh orqj whup Dphulfdq lqwhuhvw udwh/ hyhq dv wkh shulrg 4 vkruw lqwhuhvw udwh
zdv idoolqj1
Urz 45 ri Wdeohv LL dqg LLL frpsohwh wkh dqdo|vlv1 Wkh shulrg 4 lqwhuhvw udwh gursv/
Dphulfdq lqfrph lqfuhdvhv dv wudgh jhwv pruh h!flhqw/ dqg wkh groodu ghsuhfldwhv
dqg wkh uhdo whupv ri wudgh wxuq djdlqvw Dphulfd lq shulrg 41 H{sruwv lqfuhdvh dqg
lpsruwv vwd| derxw wkh vdph lq shulrg 4/ vr wkh Dphulfdq edodqfh ri wudgh vxusoxv
lqfuhdvhv1
 f wr sxufkdvh orqj erqgv kdv hhfwv
Dq lqfuhdvh lq wkh dprxqw ri edqn prqh| P
zklfk duh vlplodu wr wkrvh ri lqfuhdvlqj Pf h{fhsw iru rqh lqwhuhvwlqj glhuhqfh/ zklfk
lv suredeo| mxvw dq duwlidfw ri wkh wlplqj zh kdyh fkrvhq iru rxu pdunhwv1 Dowkrxjk
wkh orqj udwh jrhv grzq dv h{shfwhg/ wkh vkruw Dphulfdq lqwhuhvw udwh jrhv xs/ vr
wkdw wkh whup vwuxfwxuh ri lqwhuhvw udwhv lv wzlvwhg1 Wkh uhdvrq lv wkdw dv ehiruh/
wkh lqfuhdvhg vwrfn ri prqh| fdxvhv Dphulfdq sulfhv wr ulvh lq shulrg 3 dqg wkh
groodu wr ghsuhfldwh1 Wklv lqfuhdvhv wkh wudqvdfwlrqv ghpdqg iru fdvk/ hvshfldoo| iru
lqwhuqdwlrqdo sxufkdvhv1 Exw wkh h{wud prqh| P lv qrw dydlodeoh lq wlph iru wkh
sxufkdvh ri iruhljq fxuuhqf|1 Khqfh wkh vkruw udwh lv gulyhq xs e| Dphulfdq djhqwv
lqwhqw rq eruurzlqj grooduv lq wkh vkruw whup pdunhw wr sxufkdvh Jhupdq pdunv1
Wkdw uhgxfhv Dphulfdq wudglqj h!flhqf|/ dqg lqghhg orzhuv wkh zhoiduh ri erwk wkh
Dphulfdq djhqwv1 Zh frxog hdvlo| lpdjlqh erwk Dphulfdq djhqwv uhvlvwlqj sodqv iru
h{sdqvlrqdu| prqhwdu| srolf| li wkh| wkrxjkw lw pljkw lqyroyh sxufkdvhv ri wkh orqj
6<

erqg zlwkrxw sdudooho sxufkdvhv ri vkruw whup erqgv1

441:

Prqh| Ilqdqfhg Ilvfdo Wudqvihuv

Lq urzv 46 dqg 47 ri Wdeohv LL dqg LLL zh wudfh rxw wkh frqvhtxhqfhv zkhq wkh
Dphulfdq jryhuqphqw sulqwv prqh| dqg wudqvihuv lw wr wkh vhfrqg djhqw1 Zkhq wkh
wudqvihu frphv lq shulrg 4 dqg lv dqwlflsdwhg iurp wkh ehjlqqlqj ri shulrg 3/ Dphulfdq
sulfhv ulvh lq shulrg 4/ exw qrw e| pxfk lq shulrg 31 Wkxv wkhuh lv dq lpphgldwh
h{shfwhg lq dwlrq lq shulrg 3/ dqg vr e| wkh Ilvkhu hhfw/ wkh orqj qrplqdo lqwhuhvw
udwh pxvw ulvh lq Dphulfd1 Iurp sxufkdvlqj srzhu sdulw|/ wkh groodu pxvw idoo lq ydoxh
lq shulrg 4/ exw qrw lq shulrg 31 Khqfh wkhuh lv dovr dq h{shfwhg ghsuhfldwlrq1 Wkh
lqfuhdvh lq lqwhuhvw udwhv dqg wkh h{shfwhg ghsuhfldwlrq kdyh frxqwhuydlolqj hhfwv rq
wkh rz ri fdslwdo lq shulrg 3/ khqfh iurp jhqhudo sulqflsohv zh fdqqrw dqwlflsdwh wkh
gluhfwlrq ri fdslwdo rz1
Wkh pdlq uhdo hhfw ri wkh wudqvihu ri qhzo| sulqwhg prqh| lq shulrg 4 lv wr udlvh
wkh vkruw lqwhuhvw udwh lq shulrg 4 lq Dphulfd1 Wklv uhgxfhv wudglqj h!flhqf| zlwkrxw
fkdqjlqj uhdo zhdowk +ehfdxvh ri wkh lq dwlrq,1 Khqfh uhdo lqfrph gursv lq Dphulfd
lq shulrg 41 Wklv whqgv wr uhgxfh wkh ghpdqg iru lpsruwv dqg lpsuryhv wkh shulrg
4 whupv ri wudgh iru Dphulfd1 Lq htxloleulxp/ diwhu wkh sulfh hhfwv duh wdnhq lqwr
dffrxqw/ h{sruwv ghfuhdvh dqg lpsruwv ghfuhdvh voljkwo| lq shulrg 41 Krzhyhu/ wkh
Dphulfdq edodqfh ri wudgh vxusoxv ixuwkhu lqfuhdvhv lq shulrg 4 vlqfh wkh sulfh hhfw
rxwzhljkv wkh txdqwlw| fkdqjh1
D wudqvihu ri prqh| lq shulrg 3 wr wkh vhfrqg djhqw dovr kdv qhjdwlyh hhfwv rq
lqfrph dqg zhoiduh vlqfh lw lqfuhdvhv wkh vkruw lqwhuhvw udwh ufk 1 Hyhq wkrxjk wkh
prqh| lv gxudeoh/ lw lqfuhdvhv frqwhpsrudqhrxv sulfhv pruh wkdq ixwxuh sulfhv/ wkxv
whqglqj wr orzhu orqj whup lqwhuhvw udwhv +urz 46/ froxpq LL 44,1
Xqohvv zh doorz iru plvvlqj djhqw pdunhwv +dv lq ^43`,/ sulqwlqj prqh| dqg wudqv0
ihuulqj lw wr djhqwv orzhuv wkh jhqhudo zhoiduh/ h{fhsw ri frxuvh iru wkh uhflslhqw ri
wkh wudqvihu1

441;

Lqwhuqdwlrqdo Wudqvihuv

Wkh Xqlwhg Vwdwhv kdv yhu| riwhq ehhq fdoohg xsrq wr edlo rwkhu frxqwulhv rxw ri
qdqfldo fulvhv/ prvw uhfhqwo| lq Ph{lfr1 Wkh frqvhtxhqfhv ri sulqwlqj Dphulfdq
grooduv dqg jlylqj wkhp wr djhqwv ri wkh iruhljq frxqwu| fdq eh wudfh rxw lq urz 48
ri rxu wdeohv14: Wkh uhvxowv duh dv h{shfwhg1 Jhupdq zhoiduh lpsuryhv/ Dphulfdq
zhoiduh ghfolqhv/ Jhupdq edodqfh ri wudgh lpsuryhv dqg Dphulfd*v zruvhqv/ dqg wkh
groodu ghsuhfldwhv1 Dv zlwk wudqvihuv wr Dphulfdqv/ Dphulfdq wudglqj dfwlylw| ghfolqhv
ehfdxvh vkruw lqwhuhvw udwhv ulvh1 Dphulfdq sulfhv ulvh pruh lq shulrg 3 wkdq lq shulrg
4/ vr wkh orqj Dphulfdq lqwhuhvw udwh idoov1
4:

Dq lghqwlfdo vfhqdulr rewdlqv li/ vd|/ Ludq vxffhhgv lq frxqwhuihlwlqj Dphulfdq grooduv1

73
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Iruhljq H{fkdqjh Lqwhuyhqwlrq

Jryhuqphqwv riwhq dfw rq wkh iruhljq h{fkdqjh pdunhwv wr surs xs wkh ydoxhv ri
wkhlu rzq fxuuhqf|/ e| vhoolqj uhvhuyhv ri wkh iruhljq fxuuhqf|1 Wkh Exqghvedqn lv
suredeo| wkh prvw idprxv dfwru lq wklv gluhfwlrq1 Lq urz 49 zh vhh wkdw wkh hhfwv
ri vxfk dfwlrqv duh xqdpeljxrxv1 Ohdylqj dvlgh wkh txhvwlrq ri krz wkh Dphulfdqv
jrw wkhlu uhvhuyhv ri GP lq wkh uvw sodfh/ urz 49 vkrzv wkdw d X1V1 jryhuqphqw vdoh
ri GP zrxog lqghhg lqfuhdvh wkh ydoxh ri wkh groodu/ lpsuryh Dphulfdq zhoiduh/ dqg
zruvhq Jhupdq zhoiduh1 Wkh vlwxdwlrq lv vlplodu wr wkh fdvh glvfxvvhg lq Vhfwlrq 441</
zkhuh wkh jliw ri GP kdv ehhq wr wkh Dphulfdq jryhuqphqw lqvwhdg ri wr Dphulfdq
shrsoh1
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^4` Ekdjzdwl/ M1 Q1/ 4<8;1 Lpplvhul}lqj Jurzwk= D Jhrphwulfdo Qrwh/ Uhylhz ri
Hfrqrplf Vwxglhv/ 58= 5345381
^5` Ekdjzdwl/ M1 Q1 dqg W1 Q1 Vulqlydvdq/ 4<;61 Ohfwxuhv rq Lqwhuqdwlrqdo Wudgh1
Fdpeulgjh= P1L1W1 Suhvv1
^6` Eodqfkdug/ R1 dqg V1 Ilvkhu/ 4<;<1 Ohfwxuhv rq Pdfurhfrqrplfv1 Fdpeulgjh=
P1L1W1 Suhvv1
^7` Euxqr/ P1/ 4<:61 Surwhfwlrq dqg Wdul Fkdqjh xqghu Jhqhudo Htxloleulxp/
Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 6= 5385591
^8` Forzhu/ E1/ 4<9:1 D Uhfrqvlghudwlrq ri wkh Plfurhfrqrplf Irxqgdwlrqv ri Prq0
hwdu| Wkhru|/ Zhvwhuq Hfrqrplf Mrxuqdo/ 9= 4;1
^9` Ghdwrq/ D1/ 4<<41 Vdylqjv dqg Oltxlglw| Frqvwudlqwv/ Hfrqrphwulfd/ 8<= 4554
457;1
^:` Gruqexvfk/ U1/ 4<:91 H{shfwdwlrqv dqg H{fkdqjh Udwh G|qdplfv/ Mrxuqdo ri
Srolwlfdo Hfrqrp|/ ;7= 449444:91
^;` Gruqexvk/ U1/ 4<;;1 H{fkdqjh Udwhv dqg Lq dwlrq1 Fdpeulgjh= P1L1W1 Suhvv1
^<` Gxeh|/ S1 dqg M1 Jhdqdnrsorv/ 4<<51 Wkh Ydoxh ri Prqh| lq d Ilqlwh0Krul}rq
Hfrqrp|= D Uroh iru Edqnv/ lq S1 Gdvjxswd/ G1 Jdoh hw do1 +hgv1,/ Hfrqrplf
Dqdo|vlv ri Pdunhw dqg Jdphv1 Fdpeulgjh= P1L1W1 Suhvv1
^43` Gxeh|/ S1 dqg M1 Jhdqdnrsorv/ 4<<61 Prqhwdu| Htxloleulxp zlwk Lqfrpsohwh
Pdunhwv/ iruwkfrplqj FIGS1
^44` Gxeh|/ S1 dqg P1 Vkxeln/ 4<:;1 Wkh Qrq0frrshudwlyh Htxloleuld ri d Forvhg
Wudglqj Hfrqrp| zlwk Pdunhw Vxsso| dqg Elgglqj Vwudwhjlhv/ Mrxuqdo ri Hfr0
qrplf Wkhru|/ 4:=4531
^45` Iohpplqj/ M1 P1/ 4<951 Grphvwlf Ilqdqfldo Srolflhv xqghu Il{hg dqg xqghu
Iordwlqj H{fkdqjh Udwhv/ LPI Vwd Sdshuv </ 6= 69<6:<1
^46` Iuhqnho/ M1 D1 dqg D1 Ud}lq/ 4<<51 Ilvfdo Srolflhv dqg wkh Zruog Hfrqrp|1
Fdpeulgjh= P1L1W1 Suhvv1
^47` Judqgprqw/ M1 P1/ 4<;61 Prqh| dqg Ydoxh1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw|
Suhvv1
^48` Judqgprqw/ M1 P1 dqg J1 Odurtxh/ 4<:61 Rq Prqh| dqg Edqnlqj/ Uhylhz ri
Hfrqrplf Vwxglhv/ 53:5691
^49` Judqgprqw/ M1 P1 dqg \1 \rxqhv/ 4<:61 Rq wkh H!flhqf| ri d Prqhwdu| Htxl0
oleulxp/ Uhylhz ri Hfrqrplf Vwxglhv/ 47<4981
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^4:` Judqgprqw/ M1 P1 dqg \1 \rxqhv/ 4<:51 Rq wkh Uroh ri Prqh| dqg wkh H{lv0
whqfh ri d Prqhwdu| Htxloleulxp/ Uhylhz ri Hfrqrplf Vwxglhv/ 6<= 6886:51
^4;` Julool/ Y1 dqg Q1 Urxelql/ 4<<41 Ilqdqfldo Lqwhuphgldwlrq dqg Prqhwdu| Srolflhv
lq wkh Zruog Hfrqrp|/ Q1E1H1U1/ Whfkqlfdo Zrunlqj Sdshu Qr1 4371
^4<` Julool/ Y1 dqg Q1 Urxelql/ 4<<51 Oltxlglw| dqg H{fkdqjh Udwhv/ Mrxuqdo ri
Lqwhuqdwlrqdo Hfrqrplfv/ 65= 66<6851
^53` Jurghq/ Q1 P1 dqg I1 Juxhq/ 4<:31 D Wdul Wkdw Zruvhqv wkh Whupv ri Wudgh/
lq M1 D1 PfGrxjdoo dqg U1 K1 Vqdsh/ Vwxglhv lq Lqwhuqdwlrqdo Hfrqrplfv1 Qruwk
Kroodqg1
^54` Kdkq/ I1 K1/ 4<::1 Wkh Prqhwdu| Dssurdfk wr wkh Edodqfh ri Sd|phqwv/
Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ := 56457<1
^55` Khospdq/ H1/ 4<:61 Wkh H{dfw Phdvxuhphqw ri Zhoiduh Orvvhv Zklfk Uhvxow
iurp Wudgh Wd{hv/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz1
^56` Nduhnhq/ M1 dqg Q1 Zdoodfh/ 4<;41 Rq wkh Lqghwhuplqdf| ri Htxloleulxp H{0
fkdqjh Udwhv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ <9= 53:5551
^57` Nlupdq/ D1 S1/ 4<<51 Zkrp ru Zkdw Grhv wkh Uhsuhvhqwdwlyh Lqglylgxdo Uhs0
uhvhqwB Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 9/ 5= 44:4691
^58` Oxfdv/ U1 H1/ Mu1/ 4<;51 Lqwhuhvw Udwhv dqg Fxuuhqf| Sulfhv lq d Wzr0Frxqwu|
Zruog/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 43= 66868<1
^59` Oxfdv/ U1 H1/ Mu1/ 4<<31 Oltxlglw| dqg Lqwhuhvw Udwhv/ Mrxuqdo ri Hfrqrplf
Wkhru|/ 83= 56:5971
^5:` Pxqghoo/ U1/ 4<9;1 Lqwhuqdwlrqdo Hfrqrplfv1 Qhz \run= Pdfploodq1
^5;` Vkxeln/ P1/ 4<:61 Frpprglw| Prqh|/ Roljrsro|/ Fuhglw dqg Edqnuxswf| lq d
Jhqhudo Htxloleulxp Prgho/ Zhvwhuq Hfrqrplf Mrxuqdo/ 44= 576;1
^5<` Vkxeln/ P1/ 4<<61 Wkh Wkhru| ri Prqh| dqg Ilqdqfldo Lqvwlwxwlrqv/ pdqxvfulsw1
^63` Vkxeln/ P1 dqg G1 S1 Wvrprfrv/ 4<<51 D Vwudwhjlf Pdunhw Jdph zlwk d Pxwxdo
Edqn zlwk Iudfwlrqdo Uhvhuyhv dqg Uhghpswlrq lq Jrog/ Mrxuqdo ri Hfrqrplfv/
88+5,= 4564831
^64` Vkxeln/ P1 dqg F1 Zlovrq/ 4<::1 Wkh Rswlpdo Edqnuxswf| Uxoh lq d Wudglqj
Hfrqrp| Xvlqj Ildw Prqh|/ Mrxuqdo ri Hfrqrplfv/ 6:= 66:6871
^65` Vwrfnpdq/ D1/ 4<;31 D Wkhru| ri H{fkdqjh Udwh Ghwhuplqdwlrq/ Mrxuqdo ri
Srolwlfdo Hfrqrp|/ ;;+74,= 9:69<;1
^66` Vwrfnpdq/ D1/ 4<;:1 Wkh Htxloleulxp Dssurdfk wr H{fkdqjh Udwhv/ Ulfkprqg
Ihghudo Uhvhuyh Edqn Hfrqrplf Uhylhz/ 45631
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^67` Vyhqvvrq/ O1 dqg D1 Ud}lq/ 4<;61 Wkh Whupv ri Wudgh dqg wkh Fxuuhqw Dffrxqw=
Wkh KduehujhuOdxuvhqPhw}ohu Hhfw/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4= <:
4581
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lv frqfdyh1 Uhfdoo/  $ { + , lv olqhdu/ dqg wkdw E0 +, lv frqyh{1 Vlqfh
ixqfwlrq/ I @ J  lv dovr frqyh{0ydoxhg1 Pruhryhu/ li % lv vx!flhqwo| vpdoo/ J lv
qrq0hpsw|/ vlqfh doo dfwlrqv fdq eh qdqfhg rxw ri lqlwldo hqgrzphqwv1 Zkhq % A 3/
wkh sulfhv duh doo srvlwlyh/ dqg vlqfh h 9@ 3/ E0 +, lv d frqwlqxrxv fruuhvsrqghqfh1
Khqfh e| wkh Pd{lpxp Wkhruhp/ J lv frpsdfw ydoxhg dqg xsshu vhpl0frqwlqxrxv/
S
dqg wkhuhiruh vr lv I 1 Qrwh wkdw vlqfh zh kdyh uhvwulfwhg wkh grpdlq ri
wr 0 /
dqg vlqfh iru hdfk jrrg dqg prqh|/ vrph djhqw kdv d vwulfwo| srvlwlyh hqgrzphqw/
zh ohjlwlpdwho| uhvwulfwhg wkh udqjh ri wr vwulfwo| srvlwlyh sulfhv/ dqg lqwhuhvw udwhv
vwulfwo| juhdwhu wkdq 41

Vwhs 41 Dq %0LPH h{lvwv iru dq| vx!flhqwo| vpdoo % A 31
Wkh pds I vdwlvhv doo wkh frqglwlrqv ri wkh Ndnxwdql {hg srlqw wkhruhp/ dqg
wkhuhiruh dgplwv d {hg srlqw I +, 6  zklfk lv hdvlo| yhulhg wr eh dq %0LPH1
Iru hyhu| vpdoo % A 3/ ohw ++%,>  0 , ghqrwh wkh fruuhvsrqglqj %0LPH1
Vwhs 51 Dw dq| %0LPH/ u|k +%,> u|k +%,  3/ ;w 5 W /  5 F1
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Z1o1r1j1/ vxssrvh u|k
vrph w 5 W /  5 F1 Wkhq iru hdfk k/ |k +%, ? 4@%/
S+%, ? 3 iru

rwkhuzlvh 4 . u|k  + MM k |k +%,,@Pk  41 Exw wkhq dq| djhqw k frxog kdyh
lqfuhdvhg |k +%, e|  A 3/ vshqw u|k +%, rq dq| jrrg dw wlph w dqg vwulfwo|
lqfuhdvhg klv xwlolw|/ dqg wkhq uhwxuqhg ^4 . u|k +%,` wr wkh edqn zlwkrxw ehlqj
lqvroyhqw dqg glvwxuelqj klv rwkhu fkrlfhv/ d frqwudglfwlrq1 Vlploduo|/ u|k +%,  3/
;w 5 W /  5 F1
Vwhs 61 Dw dq| %0LPH/ wkhuh h{lvwv vrph ] ? 4 vxfk wkdw u|k +%,> u|k +%, ? ]/ dqg
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Vwhs 71 Iru dq| %0LPH/ wkhuh h{lvwv n A 3 vxfk wkdw s+%,  n4/ zkhuh 4 @ +4> ===> 4,
ri vxlwdeoh glphqvlrq1 Ixuwkhupruh/ iru dq| frxqwulhv/ >  5 F/  |qk +%,s| +%,  n4/
iru c 5 Oq 1
Iru hdfk frxqwu|  5 F/ wkhuh lv vrph djhqw k 5 K k zlwk pfk A 31 Lq dq| %0LPH/
djhqw k frqvxphv qr pruh wkdq wkh djjuhjdwh zruog hqgrzphqw ri hdfk jrrg1 Khqfh
{ +%,  D iru vrph frqvwdqw D1 Exw iurp rxu k|srwkhvlv rq x > x +3> ===> N> ===3, A
x +D4, iru odujh hqrxjk N/ zkhuh wkh N dsshduv lq wkh wc frpprglw| sodfh/ iru dq|
c 5 Ok / w 5 W 1 Khqfh s|  pfk @N/ rwkhuzlvh djhqw k zrxog krdug klv pfk prqh|
xqwlo shulrg w/ vshqg doo ri lw rq jrrg wc/ dqg lpsuryh klv xwlolw|/ frqwudglfwlqj wkh
idfw wkdw zh duh dw dq %0LPH1
Vlploduo|/ dq djhqw lq frxqwu|  zlwk pfk A 3 fdq sxufkdvh pfk @ |qk +%,s| +%,
xqlwv ri jrrg wc/ zkhuh c 5 Oq / e| krduglqj klv 0prqh| xqwlo shulrg w/ wkhq h{fkdqj0
lqj lw iru pfk @ |qk +%, ri 0prqh|/ dqg wkhq sxufkdvlqj pfk @ |qk +%,s| +%, xqlwv ri
jrrg wc1
Wdnh d vhtxhqfh ri %0LPH zlwk % $ 31
Vwhs 81 Li iru vrph jrrg wc zlwk c 5 Ok / s|77+%, $ 4/ wkhq s| +%, $ 4 iru doo w 5 W /
c 5 Ok > ixuwkhupruh/  |qk +%,s| +%, $ 4 iru doo  5 F@ij dqg c 5 Oq 1
Frqvlghu uvw frpprglw| wc/ iru w  w/ dqg c 5 Ok 1 Vrph djhqw rzqv h|77 A 31 Li
s| +%, vwd|v erxqghg rq vrph vxevhtxhqfh/ wkhq e| fkrrvlqj yhu| odujh |k +%, djhqw
k fdq eruurz d odujh dprxqw ri prqh| dw wlph w dqg xvh lw wr ex| pruh wkdq N xqlwv
ri jrrg wc +vhh Vwhs 7,1 Djhqw k fdq wkhq uroo ryhu klv ordq xqwlo shulrg w e| wdnlqj
rxw dqrwkhu ordq dw wlph w . 4 wr sd| r wkh ordq iurp shulrg w dqg vr rq1 Vlqfh
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wkh lqwhuhvw udwhv duh xqlirupo| erxqghg e| Vwhs 6/ wkh djhqw zloo kdyh d erxqghg
dprxqw ri prqh| wr uhsd| dw wlph w1 Vlqfh s|77+%, $ 4/ iru vpdoo % kh zloo eh deoh
 frqwudglfwlqj wkh rswlpdolw| ri klv fkrlfh
wr uhsd| lw doo rxw ri vdohv ri frpprglw| wc/
dw wkh %0LPH1
Li w A w/ dqg s| +%, vwd|v erxqghg iurp deryh/ wkhq djhqw k frxog kdyh vrog klv
hqgrzphqw h|77 A 3/ jdlqhg s|77+%,h|77 $ 4/ lqyhqwrulhg wkh prqh| dqg sxufkdvhg
s|77+%,h|77@s| +%, $ 4 xqlwv ri jrrg wc/ djdlq frqwudglfwlqj wkh rswlpdolw| ri wkh
%0LPH1
Wkh vdph dujxphqw dssolhg wr iruhljq jrrgv c 5 Oq |lhogv wkh uhvw ri Vwhs 81
Vwhs 91 Wkhuh lv N A 3 vxfk wkdw s| +%, ? N iru doo w/ c/ %1
Ohw w 5 W dqg c 5 Ok / dqg vxssrvh wkdw s|77+%, $ 41 Wkhq s| +%, $ 4 iru doo
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0<f

wkdw {| +%, vwd|hg erxqghg dzd| iurp 3 iru vrph c 5 Oq 1 Vrphkrz djhqw k pxvw kdyh
dftxluhg s| +%,{| +%, ri 0prqh| e| shulrg w1 Exw wkh rqo| zd| iru k 5 K k wr dftxluh
0prqh| lv wr h{fkdqjh 0prqh| iru 0prqh| dw shulrg w ru hduolhu1 Vlqfh lqwhuhvw
 | +%,{ +%, ri
udwhv duh xqlirupo| erxqghg/ djhqw k pxvw kdyh dftxluhg dw ohdvw ns
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0prqh| dw vrph shulrg w  w/ zkhuh n A 3 grhv qrw ghshqg rq %1 Exw wkdw zrxog
 | +%,{ +%, $ 4 ri 0prqh|/ frqwudglfwlqj wkh qlwhqhvv ri
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PkW 1 Wkxv/ zh vhh wkdw { +%, $ h 1
Dw dq| %0LPH/ u|k +%,   |k iru doo w1 Khqfh dw dq| %0LPH/ wkhuh duh ohvv wkdq
 k 0jdlqv wr wudgh lq frxqwu|  dw dq| w1 E| frqwlqxlw|/ wkhuh duh ohvv wkdq  k 0jdlqv
wr wudgh dw wkh doorfdwlrq +h ,MM k 1 Exw wkh jdlqv wr wudgh k|srwkhvlv jxdudqwhhv
wkdw wkhuh duh pruh wkdq k 0jdlqv wr wudgh lq vrph shulrg w dw wkh lqlwldo hqgrzphqw
+h ,MM k / d frqwudglfwlrq1
Wkxv zh kdyh vkrzq s| +%, lv erxqghg iru doo c 5 Ok 1 Exw  zdv duelwudu|/ vr
Vwhs 9 lv yhulhg1
Vwhs :1 Wkhuh duh 3 ? n ? N vxfk wkdw wkh h{fkdqjh udwhv duh erxqghg=
n ?  |kq +%, ? N iru doo w> > =

Zh kdyh vkrzq wkdw  |kq +%,s| +%,  n iru doo c 5 Oq dqg doo %1 Vlqfh iurp Vwhs
9/ s| +%, lv erxqghg deryh/ zh nqrz wkdw  |kq +%, lv erxqghg iurp ehorz iru doo / 1
Exw  |kq +%, @  3
|qk +%,/ vr  |kq +%, lv dovr erxqghg deryh1
Qrz zh nqrz wkdw ++%,>  0 , lv erxqghg deryh dqg ehorz lq hyhu| frruglqdwh/
lqghshqghqw ri %1 Khqfh zh fdq vhohfw d frqyhujhqw vxevhtxhqfh ++%,> 0 , $ +> ,1
7<

D vwdqgdug dujxphqw vkrzv wkdw +> , lv dq LPH1 Lq sduwlfxodu/ wkh duwlfldo xsshu
dqg orzhu erxqgv rq fkrlfhv duh luuhohydqw vlqfh wkh| du qrw elqglqj dqg xwlolwlhv duh
frqfdyh lq dfwlrqv1
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